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conductivity of the unweathered claystone impedes the downward flow of groundwater. There is geologic 
evidence (Le. ,the presence of channel sandstone deposits) that the majority of groundwater flow that occurs 
may be laterally to the east. There may be a potential for contaminated groundwater in the upper HSU to 
enter lower bedrock sandstones where they subcrop in localized areas beneath relatively shallow colluvium 
south and southeast of the 903 Pad area. In general, however, the lower HSU(s) is incompletely modeled. 

Based on the Phase I RI results and earlier studies, carbon tetrachloride (CClJ, tetrachloroethylene (PCE), 
and trichloroethylene (TCE) are the primary volatile organic conbuninants found in the upper HSU in 
Operable Unit 2. Trace elements occasionally exceeding background levels include barium, copper, nickel, 
manganese, and zinc. Major anions are somewhat elevated above background throughout and downgradient 
of the 903 Pad, Mound, and East Trenches areas. Radionuclide levels in the upper HSU are generally 
within the tolerance limits for the background groundwater data, but a few samples indicate minimum 
detectable amounts of plutonium and americium in the vicinity of the 903 Pad and possibly north of the 
Mound. These conclusions are based almost entirely on unvalidated data. 

There are 20 existing wells in Operable Unit 2 that are screened entirely within the depth intervals believed 
to represent the lower (bedrock) HSU(s). These 20 monitoring wells all were constructed since 1986 and 
have a relatively complete quarterly At least six additional pre-1986 wells are also 
present in Operable Unit 2. Construction details not available. The pre-1986 wells have 
not been used recently for obtaining groun Volatile organic compounds (VOCs) have 
been detected in 4 of the 20 recent wells (1887 BR, 2087 BR, 3487 BR, and 4086) that are believed to 
represent the groundwater chemistry of the lower HSU(s). Only 12 of the 20 wells have available laboratory 
test data. The measured concentrati ere as high as 140 c(g/l in one of these wells and under 
20 pg/l in the other 3 wells. The pi that were tentatively identified in these wells are 
TCE and PCE. Other volatile and semiv rganic and inorganic compounds that have been identified 
in the upper HSU have generally in the bedrock. Most of the available analytical data 
for the bedrock h t been vaIidated. 

All of the maximum contaminant levels identified in the lower-HSU wells are based on unvalidated data, 
and, therefore, the quality of the data is unknown. The unvalidated data have been included in this work 
plan and utilized for planning because, without the use of this data, there would be a very limited basis for 
making initid decisions, from a chemical contamination standpoint, in determining locations of wells and 
boreholes. Data collected during the Phase I1 RFI/RI alluvial and bedrock sampling efforts may provide 
some indication of the reliability of previously obtained unvalidated data. 

The objectives of the bedrock component of the Phase 11 RFI/RI are to sufficiently characterize the bedrock 
to support the baseline risk assessment and, if significant contamination is found, to sufficiently characterize 
the nature and extent of bedrock contamination to support the feasibility study, further risk assessment, and, 
if necessary, remedial design. A phased approach is required both for hydrogeologic characterization and 
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to characterize the nature and extent of contamination. At this time it is not known definitely whether or 
not contamination of the relatively deep unweathered bedrock exists. 

This Phase I1 RFWFU Bedrock Work Plan proposes 20 clusters of boreholes and wells that contain a total 
of 20 boreholes and 38 wells. The work plan includes a field sampling plan (FSP) that establishes the scope 
and criteria that willbe used to redirect and expand on the sampling effofk as necessary to accomplish the 
stated goals. Therefore, the 20 boreholes and 38 wells represent an initial boring and sampling program that 
willbe expanded throughout the course of the RFIIRI. The requirements for the additional sampling will 
depend on the interim results. 
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1.0 

1NTKOI)UCTION 

This document presents the Work Plan for the bedrock component of the Phase I1 Resource Conservation 
and Recovery Act (RCRA) Facility Investigation (RFI)/ Remedial Investigation (RI) of the 903 Pad, Mound, 

and East Trenches areas (Operable Unit 2) at the Rocky Flats Plant, Jefferson County, Colorado. A 
previously prepared Alluvial Phase 11 RFURJ Work Plan addresses characterization and the nature and 

extent of contamination of soils and groundwaters above the battom of the upper hydrostratigraphic unit 
(HSU). This work plan addresses characterization and the nature and extent of Contamination in the 
bedrock and confined water-bearing zones beneath the upper (alluvial) HSU. Potential sotirces of bedrock 
contamination are present in the upper HSU. It is not yet known whether or not the lower HSU(s) has 

been contaminated by the upper HSU. The data obtained during the "Allu\Tial"and "Bedrock" components 
of the RFURI field work will be coinbined and presented in Q single RFIIRI report. That report will be 
the basis for the Corrective Measures StudylFeashility Study (CMS/FS) and the baseline risk assessment. 

The purpose of this Phase I1 Bedrock RFI/RI Work Plan to define the scope of work required to 

characterize the geologic an hydrologic c the lower HSU of the Operable Unit 2 area. This 
investigation is part of a comprehensive, phased characterization, remedial investigations, 
feasibili ty stud ies, and rimed i a1 /corrective ac ntiy in progress at the Rocky Flats Plant. These 
investigations are pursuant to the U.S. Department of Energy (DOE) Environmental Restoration (ER) 
Program [formerly known as the Comprehensiv Environmental Assessment and Response Program 

(CEARP)], a Compliance Agrmme between DOE, the U.S. Environmental Protection Agency (EPA), and 

the State of Colorado Departme DH) dated July 31, 1986, and a drafr Intei.-Agzncy 

Agreement (IAG) being developed among PA, and CDH. The program developed by DOE, EPA, 

and CDH in response to the agreeme RCRA and Comprehensive Environmental Response, 
iability Act (CERCLA) issues and has been integrated with the ER Program. In 
raft IAG, the CERCLA terms "Remedial Investigation" and "Feasibility Study" in this 

dent to the RCRA terms "RCRA Facility Investigation" and "Corrective 
h.leasures Study" (CMS). 

1.1 ENVIRONMENTAL RESTORATION PROGRAM 

The ER Prograin is designed to investigate and clean up contaminated sites at  DOE facilities. The ER 
Program being implemented is organized into in five major activities. The first activity, Installation 
Assessment, includes preliminary assessments and site inspections to assess potential environmental concerns. 

The second activity, Remedial Investigations, includes planning and implementation of sampling programs 

to delineate the magnitude and extent of contamination at specific sites and evaluate potential contaminant 
migration pathways. Feasibility Studies, the third major activity,evaIuates remedial alternatives, and develop 
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remedial action plans to mitigate environmental problems identified as needing correction during the 
remedial investigations. The fourth activity, Remedial Design/Remedial Action, includes design and 
implementation of site-specific remedial actions selected on the basis of the feasibility studies. Finally, 
Compliance and Verification implements monitoring and performance assessments of remedial actions and 

verifies and documents the adequacy of remedial actions carried out. Installation assessment has already 

been completed at the Rocky Flats Plant (DOE 1986), and remedial investigations, feasibility studies, and 

remedial design/remedial action are currently in progress for Operable Unit 2 (903 Pad, Mound, and East 

Trenches areas). 

With respect to RI activities at Operable Unit 2, an initial (Phase I) field program was completed during 
1987, and a draft Phase I RI report was submitted to EPA and CDH on December 31, 1987 (Rockwell 
International 1987a). A Phase I1 RFI/RI Work Plan that presents site-specific plans for furtlizr field work 

to characterize sources and the extent of groundwater tamination in the upper HSU (surficial materials 
and subcropping sandstones) was being finalized at the e of the preparation of this work plan. I t  is based 
on results presented in the draft Phase I RI report as well as subsequent groundwater sampling and analysis. 

This Phase I1 RFURI Bedrock Work Plan is based primarily on data presented in the Phase 11 RFIlRI 
Alluvial Work Plan, the result of recent a 

and analysis data. An interim remedial 

Walnut Creek north of Operable Unit 
report. 

ization studies and resulting sampling 

t contaminated surface water in South 

sures will be proposed in the final RFl/RI 

Results of the Phase I RI ind a complex bedrock geologic system exists beneath the 903 Pad, 
R4ound. and East Trenches are ologic Characterization Report (EG&G 1990a) for the Rocky 
Flats Plant has been prepared istent re-evaluation of borehole log data and other geologic 

information. That report contains a working model of the bedrock geology. In order to further 
characterize the location, ext ation of sandstones, and bedrock facies and stratigraphic 

relationships, high-resolution seis ection profiling was conducted at Operable Unit 2 (EG&G 1990b). 
This bedrock work plan comb tion presented in the Geologic characterization report with 
the results of the seismic re n work to further refine the working model of the bedrock geology. 

1.2 WORK PLAN SCOPE 

The previous Phase I1 Alluvial RFI/RI Work Plan for the 903 Pad, Mound, and East Trenches areas 
presented results of the Phase I RI; defined data quality objectives (DQOs) and data needs based on that 
investigation; specified RI tasks; and presented a Field Sampling Plan (FSP) for characterization of the upper 

hydrostratigraphic unit (HSU), which consists of the alluvium and hydrologically connected bedrock. This 
Phase I1 Bedrock RFURI Work Plan (Bedrock) includes the same basic components described above so 

that the two work plans may be integrated. Much of the regional and Plant site background information 
and site locations and descriptions are excerpted from the Alluvial Work Plan. The descriptions of the 
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physical characteristics of and nature and extent of contamination in the upper HSU are also from the 
Alluvial Work Plan. 

This bedrock work plan emphasizes the development of a conceptual model to describe the bedrock 

hydrogeology; nature and extent of contamination in the bedrock; release mechanisms, exposure pathways, 
and receptors; and presents a field sampling plan (FSP) that willsupport the baseline risk assessment. Data 

were compiled from a number of sources. The followingprevious and ongoing studies and other information 
were the primary sources used in preparing this work plan (a list of references is presented in Section 11 .O). 

Draft Geologic Characterization Report (EG&G 1990a) 

Draft Task 3 Shallow, High-Resolution Seismic Reflection Profiling in the Medium Priority 
Sitzs (Operating (sic) Unit 2) at the Rocky Flats Plant (EGBrG 1990b) 

Ongoing geologic characterization (to supplement the two studies referenced above) 

Phase I1 RFIIRIFS Work Plan for the 903 Pad, Mound, and East Trenches Areas (EGblrG 
1990c) 

Recent Rocky Flats groundwater chemistry from RFEDS database 

As  part of the preparation of th 
by combining the geologic infor 
and nature and extent of contaminati 
Plan and subsequent analptical and g r a m  

ing physical model of the bedrock geology was refined 
resented in the three reports listed above. The bedrock hydrology 

using data from the Phase I1 Alluvial RFURI Work 

ceptual hundary  between the alluvial and bedrock components of the RFI/RI. 
more in common with the overlying alluvial soils than with the underlying 

s. For the purpose of developing work plan scopes, the boundary will be 
considered to occur 5 feet the surface of the weathered claystone. This boundary is based on the 
\,ertical extent of in\’estigati There will 

be some overlap between the two components of the RFI/RI. However, considering the above, 

characterization of the alluvial soils and subcropping sandstones will be completed by the Alluvial RFIIRI. 
Overlap will occur in the weathered claystones, where lower sandstones subcrop, and where contamination 
sources are located within these contiguous and overlapping areas. 

t has been selected for the alluvial component of the RFTIRI. 
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Section 1 .Oof this work plan presents introductory information and a general characterization of the region 
and Plant site. Descriptions of site locations and histories and prior site characterization activities are also 
presented in Section 1 .O. Section 2.0 presents detailed descriptions of the site physical characteristics and 

nature and extent of contamination, culminating in a site conceptual model that is the basis for establishing 
data needs, data quality objectives (DQOs) and developing a FSP. Section 3.0 presents applicable or 

relevant and appropriate requirements (ARARs) developed for Operable Unit 2. Section 4.0 establishes 

data needs and DQOs considering the site characterization and the conceptual model. Sections 5.0and 6.0 

suinniarize RFURI tasks and Feasibility Study (FS) tasks, respectively. This Bedrock RFIiRI Work Plan 

only briefly addresses some of these tasks, such as Baseline Risk Assessmmt, treatability studies, alternatives 

development, and screening and analysis, since the Alluvial R W R I  presents more detailed discussions of 
them. Section 7.Opresents a schedule for conducting the RFURIFS process. A Field Sampling Plan (FSP) 
is presented in Section 8.0 to satisfy the data needs and DQOs identified in Section 4.0. A Quality 

Assurance Addendum (QAA) and Standard Operating Procedure Addenda (SOPA) are presented in 

Sections 9.0 and 10.0,respectively. 

The geologic characterization documentation used is not included in the appendix because both the Geologic 

Characterization Report and the High n Seismic Reflection Profiling Report are in draft form and 
both present results on large color plat n t  overlays. These reports are a\wlable for 
review at EG&G Rocky Flats. Soil, b r analytical chemistry data are presentad in 

appendices to the Alluvial Work Plan. More recent groundwater chemistry data and bedrock 
analytical chemistry data are ed in Section 2.0of this work plan. 

13 REGIONAL AND PLANT SITE BACKGROUND INFORMATION 

1.3.1 Kackgroiinrl 

The Rocky Flats Plant is a gove rnent-owned, contractor-operated facility that is part of thz nationwide 
nuclear weapons production complex. The Plant was operated for the U.S. Atomic Energy Commission 
(AEC) from i t s  inception i until the AEC was dissolved in January 1975. At that time, responsibility 

for the Plant was assigned Energy Research and Development Administration (ERDA), which was 

succeeded by the DOE in Dow Chemical U.S.A.,an operating unit of the Dow Chemical Company, 
was the prime operating contractor of the facility from 1951 until June 1975. Rockwell International was 

the prime contractor respansible for operating the Rocky Flats Plant from July 1, 1975 until December 3 1, 

1989. EG&G, Rocky Flats, Jnc. became the prime contractor at the Rocky Flats Plant on January 1, 1990. 

1.3.1 .I 1% n t Oiw;i t i 011 s 

The primary mission of the Rocky Flats Plant is to fabricate nuclear weapon components from plutonium. 
uranium, and other non-radioactive metals (principally beryllium and stainless steel). Parts made at the 
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Plant are shipped elsewhere for assembly. In addition, the Plant reprocesses components after they are 

removed from obsolete weapons for recovery of plutonium. 

Both radioactive and non-radioactive wastes are generated in the production process. Current waste- 
handling practices involve onsite and offsite recycling of hazardous materials, onsite storage of hazardous 
and radioactive mixed wastes, and offsite disposal of solid radioactive materials at another DOE facility. 

However, both storage and disposal of hazardous, radioactive, and radioactive mixed wastes occurred on site 
in the past. Preliminary assessments under the ER Program identified some of the past onsite storage and 

disposal locations as potential sources of environmental contamination. 

1.3.1.2 Yrevioris lnves tiga t ions 

Various studies ha1.e been conducted at the Rocky Flats facility to characterize environmental media and 

to assess the extent of radiological and chemical contaminant reteases to the environment. The investigations 
performed prior to and during 1986 are summarized in Rockwell International (1986a) and include: 

0 Detailed descriptions of the regional geology (Malde 1955; Spencer 1961; Scott 1960,1963, 

1970,1972, and 1975; Van Horn 
Robson et al. 1981a and 1981b) 

; DOE 1980; Dames and h4oore 1981; and 

rams beginning in 1960 that resulted in the construction o f56  monitor 

An investigation of surface and goundwater flow systems by the U.S. Geological Survey 

(Hurr 1976) 

e anmental, ecological, and public health studies that culminated in an environmental 

impact statement f 

A summary report on groundwater hydrology using data from 1960 to 1985 (Hydro-Search. 

e A soil gas survey of the Plant perimeter and buffer zone (Tracer Research, Inc. 1986) 
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Other investigations since 1986 include: 

Routine environmental monitoring programs addressing air, surface water, groundwater, 

and soils (Rockwell International 1975 through l985,1986b, 1987b, and 1989b) 

Background Geochemical Characterization Report (Rockwell International 1989e) 

In 1986, two major investigations were completed at the Plant. The first was the ER Program Phase I 

installation assessment (DOE 1986), which included analyses and identification of current operational 

activities, active and inactive waste sites, current and past waste management practices, and potential 
environmental pathways through which contaminants could be transported. A number of sites were 
identified that could potentially have adverse impacts on the environment. These sites were designated as 

Solid Waste Management Units (SWMUs) more recently renamed Individual Hazardous Substance Sites 

(1HSSs) b y  Rockwell International (1987~)  and were divided into three categories: 

I .  Hazardous waste management units that will continue to operate and need a RCRA 

operating permit. 

2. Hazardous waste man closed under RCRA interim status. 

3. Inactive waste management units that will be investigated and cleaned up under Section 

3004(u) of RCRA or under CERCLA. No RCRA or CERCLA regulatory distinction in 

the use of the te ite, " "unit," "SWMU, "or "IHSS" is intended in this document. 

The second major investigation complet lant in 1986 involved a hydrogeologic and hydrocheinical 

characterization of the entire PI r this study were presented in Rockwell International 

6d, and study results were reported in Rockwell International publication 1986e. 

ed four areas were significant contributors to environmental contamination, with 
881 Hillside Area, the 903 Pad Area, the Mound Area, 

and the East Trenches Area 

Due to their proximity, the 903Pad, Mound, and East Trenches areas were grouped together and designated 

Operable Unit 2. A Phase I RI of Operable Unit 2 was completed in December 1987 (Rockwell 

International 1987a), and a draft Phase I1 RI Sampling Plan was submitted to the EPA and CDH in June 
1988 (Rockwell International 1988a). A draft final Phase TI RI/FS Work Plan (Alluvial) was submitted to 
the EPA and CDH in December 1989 (Rockwell International 1989c), and a final (Revision 0) of that 
document incorporating agency comments on both draft plans was issued April 12, 1990 (EG&G 1990e). 

EPA and CDH have granted conditional approval to the Alluvial Work Plan. 
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1.3.2 Physical Setting 

The Rocky Flats Plant is located in northern Jefferson County, Colorado, approximately 16 miles northwest 
of Denver (Figure 1-2). Other surrounding cities include Boulder, Westminster, and Aniada, which are 
located less than ten miles to the northwest, east, and southeast, respectively. The Plant consists of 

approximately 6,550acres of federally owned land in Sections 1 through 4 and 9 through 15 of  T2S, R70W, 

6th Principal Meridian. Major building are located within a Plant security area of approximately 400 acres. 
The security area is surrounded by a buffer zone of approximately 6,150acres (Figure 1-3). 

13.2.1 Topography 

The natural environment of the Plant and vicinityis influenced primarily by its proximity to the Front Range 
of the Rocky Mountains. The Plant is directly east of the north-south trending Front Range, located about 

16 miles east of the Continental Divide. Rocky Flats Plant is located on a broad, eastward-sloping system 
of coalescing alluvial Fans at an elevation of approximately 6,000feet above mean sea level (MSL). The fans 
extend about five miles east of the Front Range. The Main Plant Complex area is located near the eastern 

edge of the fans on a pediment between stream-cut gullies or arroyos (North Walnut Creek and Woman 

Three intermittent streams dram the Rocky Flats Plant with flow generally from west to east. These 

drainages are Rock Creek, Walnut Creek, and Woman Creek (Figure 1-3). Rock Creek drains the 

noi thwestern corner of  the Plant and sf through the buffer zone to its offsite confluence with 

Coal Creek. An east-west trending in parates the Walnut Creek and Woman Creek drainages. 

nnamed tributary drain the northern portion of the Plant 

forks of Walnut Creek join in the buffer zone and flow to Great Western 
st of the confluence. Woman Creek drains the southern Rocky Flats 
o Standley Reservoir. The South Interceptor Ditch lies between the 

nterceptor Ditch collects runoff from the southern Plant security area 
onitored in accordance with the Plant’s National Pollutant Discharge 

Elimination System (NPDES) permit prior to discharge to Woman Creek. 

13.23  Regional and b r a 1  HvdrogeoloSy 

The stratigraphic section that pertains to Rocky Flats Plant includes, in descending order, unconsolidated 
surficial units (Rocky Flats Alluvium, various other alluvial deposits, valley fill alluvium, and colluvium), the 

Arapahoe Formation, the Lararnie Formation, and Fox Hills Sandstone. Figure 1-4 presents a generalized 
stratigraphic section of the Denver Basin bedrock, and Figure 1-5 shows a generalized stratigraphic section 
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Yellowish-gmy to yellowish-brown sandstone; siltstone: and claydone: 
discontinuous conglomerate a i  base 

Tan, fine-to-medium-grained sandstone and sandy shale 

Dark gray, s i b  shale and few thin, s q  sandstones 

Dark gray, very calcareous shale. 'Foraminifers' abundant (Smoky Hills Member) 

tight gray, dense, fossiliierous limestone (r-,: Hays Member) 

Brown, sandy, fossrierous limestone 

Dark gray shale with bentopite streaks; thin limestones in middle part; few 
cone-In-cone concrdons In lower part 

Dark gray. brittle silty shale (Mowry) 

Light ray, fine-to-medium-grained sandstone, several dark groy shales 
in miadie part 

Ught gray fine-to-coarse- rained, locally conglomeratic sandstone; frequent 
red and ireen siltstone integbeds 
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Grayish-white. fine-to-medium-grained cross-bedded sandstone; 
conglomemtic lenses frequent 

Fountain 
b 
0 
0 - 

Red, fine-to-coane-grained sandstone and conglomerote; arkosic; thin, 
lenticular red siltstones frequent throughout 
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of the Rocky Flats Plant, including unconsolidated deposits. Figure 1-6 depicts the erosional surfaces of 

alluvial deposits east of the Front Range, Colorado. Groundwater occurs under unconfined conditions in 
both the surficial and shallow bedrock units. In addition, confined groundwater flow occurs in deeper 
bedrock sandstones (“.E., Fox Hills Sandstone). 

Rocky Flats Allrivium 

The Rocky Flats Alluvium underlies a large portion of the Plant. The alluvium is a broad deposit consisting 
of a topsoil layer underlain by up to 100 feet of varying amounts of clay, sand, and gravel. Unconfined 
groundwater flow occiirs in the Rocky Flats Alluviuin, which is relatively permeable. Recharge to the 
alluvium is from precipitation, snowmelt, and water losses from ditches, streams, and ponds that are cut into 
the allu\~iuin. General water movement in the Rocky Flats Alluvium is from west to east and toward the 
drainages. Groundwater flow is also controlled by pediment drainages in the top of bedrock. Groundwater 

levels in the Rocky Flats Alluvium rise in respons* to recharge during the spring and decline during the 
remainder of the year. Discharge from the alluvium occurs at seeps in the colluvium that covers the contact 
hetween the alluvium and bedrock along the edges of the valleys. Most seeps flow intermittently. The 

Rocky Flats Alluvium thins and discontinu irndary. It does not directly supply water 
to wells located doivngradient of the Rock 

Other Allovi;tl Deposits 

Various other alluvial deposits 
drainages. Colluvium (slope 

valley bottoms. In a 

Louwers alluvial depo 

in the active stream channels. 

ographically below and east of the Rocky Flats Alluvium in the Plant 
les the valley side slopes between the Rocky Flats Alluvium and the 

r terrace deposits, including the Verdos, Slocum, and 
the valley side slopes. Recent valley fill alluvium occurs 

these surficial deposits. Recharge occurs through precipitation, 

infiltration frnin streams during periods of surface water runoff, and by seeps discharging from the Rocky 

Flats Alluvium. Discharge occurs through evapotranspiration and by seepage into other geologic formations, 

siibcrops, and streams. The direction of groundwater flow is generally easterly and downslope through 

colluvial materials a en along the course of the stream in valley fill materials. During the relatively short 
periods of high sur ater flow that periodically occur, some water is lost to bank storage in the valley 
fill alluvium and then returns to the stream after the runoff subsides. 
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Arapahoe Formatian 

The Arapahoe Formation u h the Plant. This formation is a fluvial deposit 
coinposed of overbank and marily of siltstones and claystones, with some 
silty sandstones beneath th of the Arapahoe Formation beneath Rocky 
Flats indicates sandstones ctures. Total formation thickness varies up 

to a maximum of 270 feet is nearly horizontal beneath the Plant (less 
than two degree dip) (EG ndstunes within the claystone are composed 
of predominantly fine-gr ic conductivity is equivalent to or less than 
that of the overlying R rmation described by the earlier RFIiRI 
studies contains more c er areas within the Denver Basin. There 

o those of the Laramie 
Formation. 

The Arapahoe Forniati ing surficial deposits and infiltration from 

mited recharge from the 

Ileys. Recharge is greatest during the 
ximum and water levels in the Rocky 

rapahoe Formation is generally tou,ard the east, 
nerally not yet been characterized. Regionally. 

he center of the Denver 

colluvium and valley 

spring and early sum 
Flats Alluvium are high. Groundwater movemen 

although the groundwater flow regime in the bedroc 

Basin (Robson et al. 1981a) 

The Laramie Forma 
claystone and a low 

omposed of two units: a thick upper 
et thick and is of very low hydraulic 

perations willnot impact 

Hills Sandstone form a regionally 
important aquifer i 11s Aquifer. Near the center of the 

of the Plant and can be 
seen in clay pits ex ly dipping beds of these units west 
of the Plant (appr than 2" dip) (EG&G 1990a, and 
1990b). Recharge to the aquifer occurs along the rather limited outcrop area exposed to surface water flow 

and infiltration along the Front Range (Robson et al. 1981b). 
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13.2.4 Meteorolow 

The area surrounding the Rocky Flats Plant has a semiarid dim.& chamcterisk. of mntef.b of' the central 
Rocky Mountain region. Appraximately 40 percent of the 15-inch annual precipitatim fdk J ~ t n g  the sp'in2 
sc~scx~,  much of it as wet snow- T%um&~stonrms (June to August) acc 
the annual precipitation. 
a m u d  precipitation, respectively. Snowfall averages 85 inches per y 

Autumn and winter are drier seasons, acc 

(DQE 148Q]., 

tion has been focused on dispsisn meiearology surrounding the Plant due to the potential for 
significant atmospheric releases of contaminants affecting the Denver metropolitan area. Studies of air flow 

and dispersion characteristics (e.g. .Hodgin 1983 and 1984) indicate that drainage flows (winds coming down 

off thz  nmuntains to the west) turn and move toward the north and northeast along the South Platte River 
valley a d  pass to the west and north of Brighton, Colorado (DOE 1986). 

1.33 Surrounding Land Use and Population Density 

The Rocky Flats Plant is located in a rur ly 59 percent of the area within 10 miles of 
the Rocky Flats Plant is in Jefferson Cou i s  located in Boulder County (40 percent) and 
Adams County (10 percent). According Land Use Map, 75 percent of this land was 
unused or was used for agriculture. Since that time, portions of this land have been converted to housing, 
with several new housing subd TIS being started within a few miles of the buffer zone. 

A recent demographic study shows that qqxa ely 2.2million people live within 50 miles of the Rocky 

Flats Plant in 1989 (DOE 1990). A imately 9,100people lived within five miles of the Plant in 1989 
(DOE 1990). The most populous sector was to the southeast, toward the center of Denver. Recent 
population estimates, registered by the Denver Regional Council of Governments (DRCOG), for the eight- 
county Denver met ion have shown distinct patterns of growth between the first and second halves of 

the 1980s. Between 1980and 85, the population of the eight-county region increased by 197,890,a 2.4 
percent annual growth rate. Be een 1985 and 1989,a population gain of 71,575was recorded, representing 

a 1.0 percent annual increase ( national average). The 1989 population showed an increase of  2,225 (or 

0.1 percent) from the same date in 1988 (DRCOG 1989). 

There are 8 public schools within 6 miles of the Rocky Flats Plant. The nearest educational facility is the 
Witt Elementary School, which is approximately 2.7miles east of the Plant buffer zone. The closest hospital 
is Centennial Peaks Hospital, located approximately 7 miles northeast. The closest park and recreational 
area is the Standley Lake area, which is approximately 5 miles southeast of the Plant. Boating, picnicking, 
and limited overnight camping are permitted. Several other small parks exist in communities within 10 miles. 
The closest major park, Golden Gate Canyon State Park, located approximately 15 nliles to the southwest, 
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provides 8,400acres of general camping and outdoor recreation. Other national and state parks are located 
in the mountains west of the Rocky Flats Plant, but all are more than 15 miles away. 

Some of the land adjacent to the Plant is zoned for industrial development. Industrial facilities within 5 
miles include the TOSCO laboratory (a 40-acre site located 2 miles south), the Great Western Inorganics 

Plant (2 miles south), the Frontier Forest Products yard (2 miles south), the Idealite Lightweight Aggregate 
Plant (2.4 nules northwest), and the Jefferson County Airport and Industrial Park (a 990-acre site located 
4.8 miles northeast). 

Several ranches are located within 10 miles of the Plant, prim ly in Jefferson and Boulder Counties. They 
are operated to produce crops, raise beef cattle, supply milk, and breed and train horses. According to the 
1987 Colorado Agricultural Statistics, 20,758acres of craps were planted in Jefferson County (total land area 

of approximately 475,000acres) and 68,760acres of crops were planted in Boulder County (total land area 

of 405,760 acres). Crops consisted of winter whea om, barley, dry beans, sugar beets, hay, and oats. 

Livestock consisted of 5,314head of cattle, 113 hog 346 sheep in Jefferson County. and 19,578head 
of cattle, 2,216hogs, and 12,133sheep in Boulder County (Post, 1989). 

1.3.4 Ecology 

A variety of plant life thrives within the Plant boundary cluded are species of flora representative of tall 

grass prairie, short grass plain e, and foothill ravine regions. None of these species are on 
the endangered species list. t the vegetative cover along the Front Range of thz Rocky 
hllountains has been radically activities such as burning, timber cutting, road building, and 
overgrazing for many years. n of the Rocky Flats Plant property, vegetative recovery has 
occurred, as evidenced by the pr f disturbance-sensitive grass species such as big bluestein 

(Andropogon gerardii) and sideoats grama (Bouteloua curtipendula). No vegetative stresses attributable to 
hamrdous waste inination have been identified (DOE 1980). 

The animal life inhabiting the Rocky Flats Plant and its buffer zone consists of species associated with 
western prairie regions. most common large mammal is the mule deer (Odocoileus lemionus), with 
an estimated 100 to 125 anent residents. There are a number of small carnivores, such as the coyote 
(Canis latrans), red fox (Vulpes fulva), striped skunk (Mephitis mephitis), and long-tailed weasel (Mustela 

frenata). A profusian of small herbivores can be found throughout the Plant and buffer zone, species such 
as the pocket gopher (Thomomys sp.), white-tailed jackrabbit (Lepus tounsedii), and the meadow vole 
(Microtus pennsylvanicus) (DOE 1980). 

Commonly observed birds include western meadowlarks (Sturnella neglecta), horned larks (Eremophila 

alpestris), mourning doves (Zenaidura macroura), and vesper sparrow (Pooecetes gramineus). A variety of 
ducks, killdeer (Charadrius vociferus), and red-winged black birds (Agelaius phoeniceus) are seen in areas 
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atljacent to ponds. Mallards (Anas platyrhynochos) and other ducks (Anas sp.) frequently nest and rear 
young on several of the ponds. Common birds of prey in the area include marsh hawks (Circus cyaneus), 
red-tailed hawks (Buteo jamaicensis), ferruginous hawks (Buteo regalis), rough-legged hawks (Buteo 
lagopus), and great horned owls (Bubo virginianus) (DOE 1980). 

Bull snakes (Pituophis melanoleucus) and rattlesnakes (Crotalus sp.) are the most frequently observed 
reptiles. Eastern yellow-bellied racers (Coluber constrictor) have also been reported on the site, but these 

and other lizards are not commonly observed. The western painted turtle (Chrysemys picta) and the western 

plains garter snake (Thamnophis radix) are found in and around may of the ponds (DOE 1980). 

1.4 SITE LOCATIONS AND DESCRIPTIONS 

This Bedrock RFURI Work Plan addresses Operable Unit 2, which contains the 903 Pad, Mound, and East 

Trenches areas located on the east side of Rocky ecurity area. Several sites are included in each area. 
Figure 1-7 shows the locations of these areas, t within each area, and the operable unit boundary. 
Each site was assigned a SWMU reference number by Rockwell International (1987~) .  Sirice then, the 

SiVMUs have been renamed IHSSs; however, the reference numbers are the same. 

Site descriptions presented in the following seeti om the Rocky Flats Plant CEARP Phase 

1 report (DOE 1986) and the RCRA Part B Ope pplication (Rockwell International 1987c), 

as reported in EG&G (1990~).  These descriptions are based on historical records, aerial photography 
review, and interviews with Pla characterization of each site based on other historical 
reports is also included in the 

Five sites are 1 with in the 903 Pad Area (Figure 1-7). These sites are: 

b age Site (IHSS Ref. No. 112) 

0 903 Lip Site (IHSS Ref. No. 155) 

Trench T-2 Site (IHSS Ref. No. 109) 

Reactive Metal Destruction Site (IHSS Ref. No. 140) 

0 

0 

e Gas Detoxification Site (IHSS Ref. No. 183) 

Descriptions of each site within the 903 Pad Area are provided in the following sections. 
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1.4.1.1 903 Drum Storage Site (IHSS Ref. No. 112) 

The 903 Drum Storage Site is located in the eastern portion of the Plant security zone. This area was used 

from October 1958 to January 1967 for storage of radioactively contanunated oil drums (Calkins 1970). 
Presented below is a description of drums stored at the drum storage site from Calkins (1970). 

"Most of the drums transferred to the field were nominal 55-gallon drums, but a significant number 
were 30-gallon drums. Not all were completely full. Approximately three-fourths of the drums 

were plutonium-contaminated, while most of the balance contained uranium. Of those containing 

plutonium, most were lathe coolant consisting of a ght-chain hydrocarbon mineral oil (Sell 

Vitrea) and carbon tetrachloride in varying proport Other liquids were involved, however, 

including hydraulic oils, vacuum pump oil, trichlaroethylene, perchloroethylene, silicone oils, acetone 

still bottoms, etc. Originally, contents of the drums were indicated on the outside, but these 

markings were made illegible through weathering and no other good records were kept of the 
contents. Leakage of the oil was recognized early, and in 1959 or possibly earlier ethanolamine was 
added to the oil to reduce the corrosion rate of the steel drums." 

Drum leakage was noted at the 903 Site in 1964 d u m g  routine drum handling operations 
(Dow Chemical 1971). Corrective a g the contents of leaking drums to new 

dnims and fencing the area to restrict access. Approxrrn 20 drums leaked to some degree, and. of 

these, an estimated 50 leaked their entire can 5,000gallons of liquid (Freiberg 1970) 
containing 86 grams (g) [5.3 curies (Ci)] of plutonium leaked into the soil (Dow Chemical 1971). A hea\'y 
rainstorm in  1967 spread conlamina tch south and southeast of the drum storage site (Dow 

Chemical 1971); however, the locatio ch is not provided by this reference. 

Figure 1-8 outlines drum loeations and soil staining at the 903 Drum Storage Site based on a review of 

historical aerial photography. As seen on this figure, drum storage occurred primarily in the northern and 
area. Drums were not stored in the southwest portion, where Building 903 was 

y briefly stored at the southeast corner. It appears that the drums stored 

ced at this location during cleanup operations, as they appear only in the south of the fenced area 

1968 aerial photos. 

The shipment of drums to the 903 Drum Storage Site ended in January 1967, when drum removal efforts 
began. Removal of all drums and wastes was completed in June 1968. 
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Presented below is a chronology of the 903 Drum Storage Site cleanup, as described by Freiberg (1970). 

0 "From January 23, 1967, through March 10, 1967, uranium oil drums which were in good 

condition were transferred to Building 774 and processed. 

"Building 903 ... on March 10, 1967, started processing oil drums. This building was 

designated to prefilter the oil prior to transferring ptutonium contaminated oil to Building 
' 774 for final processing. 

0 "From March 10,1967 through'May 18,1967,there were a total of 191 drums of plutonium 

contaminated oil filtered and shipped to Building 774. 

0 "On May 18,1967,operations at building 903 were discontinued due to the amount of time 

0 "Drum-to-drum transfer in the field began May 18,1967,and the drums were [SIC] shipped 
to Building 774 without prior filtration in Building 903. 

0 "From March 17, 1967 through May n addition to the plutonium transfers. there 
were 297 dnuns of uranium contaminat Ik-Tri waste shipped to Building 774 and 

0 f 4,826 drums containing 50 gallons of oil 

0 were a total 650 dnims froin Building 776 

essing. a pipeline installed from Building 

i l  dnim generation. 

0 t at the bottom of all drums a deposit of 
ludge varied in depth from 1/2 inches to 

3 inches and averaged approximately I inch. By drum counter results the sludge within the 
empty drums contained a total of 5,152grams (315.8Ci) ofplutonium. These empty drums 
were later disposed of by adding Oil Dry and MicroCel to absorb the sludge. The drums 

containing the plutonium sludge and absorbent were then incased in plastic, placed in 

boxes, and shipped to the burial grounds." [The location of the burial grounds is not 
provided by Freiberg (1970). 
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There were originally a total of 5,237dmms at the drum storage site wfhen cleanup operations began in 1967. 
After transfer of the contents to new drums, 4,826 dnims, of which 3,572 dnims contained plutoniuni- 
containinated oil, were transported to Building 774. This leaves the contents of 41 1 drums unaccounted-for. 
The most probable explanation for this discrepancy, according to Freiberg (1970), is a combination of the 
following factors: 

e All of the drums originally sent to the storage site 

Some of the volume was taken up by the sludge that 

Leakage out of the barrels and onto the ground occurred. 

e 

e 

Information provided by Freiberg (1970) indicates that an estimated 5,000gallons of oil leaked from drums 
onto the ground at the drum storage site. This estimate was based on the memory and knowledge of those 

involved in site operations. Based on oil samples tak barrels, the average plutonium concentration 

was 4 . 5 4 ~  10' grams per liter (g/l) [280 pic0 Curi Ci/l)]. Thus, approximately 86 g (5.3 Ci) of 
plutonium were released to soils at the drum storage site (Frieberg 1970). 

In No\wiiber 1968, site grading began a 
cap over the area. This work included mov 
inside the fenced area. A total of 33 dru 
to inside the fenced area (F  
removed from the area in 

the late summer of 1969. The a 

Site in preparation for applying an asphalt 

nated soil from around the fenced area to 
y contaminated rocks were removed from the area 

erg 1970). A total of 33 drums of radioactively contaminated rocks were 

d two courses of clean fill material were placed over the site during 
October 1969, and in February 1970 additional road 

base course material was applied to s 

(Freiberg 1970). 
st and south of the asphalt pad due to soil contamination 

The asphalt cont cover is rectangular and oriented north-south (370 feet) and east-west (395 feet). 
he northeast at a drop of one foot per 100 feet. The asphalt cover is approximately 

8 centimeters (cm) (3.2 inches thick and i t  is underlain by approximately 15 cin (6 inches) of loose gravel 
and 8 cin of fill dirt (Navratil 

1.4.1.2 903 Lin Site (IHSS Ref. No. 155) 

During drum removal and cleanup activities associated with the 903 Dnim Storage Site, winds redistributed 
plutonium beyond the pad to the south and east. An estimated 1 Ci (16.3 g) of plutonium was redistributed 
beyond the asphalt pad and, of that I Ci, approximately 0.56Ci (9.1 g) is believed to have been deposited 

in the 903 Lip Site (Barker 1982). The most contaminated area was immediately adjacent to the pad to the 

south and southeast. Surveys at the time showed a maximum plutonium concentration of 2,258picoCuries 
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per gram (pCi/g) [5,68Odisintegrations per minute per gram (dpm/g)] in the top 5 cm (2 inches) of soil a t  

the 903 Lip Site (Barker 1982). 

Soil cleanup efforts were undertaken in 1976,1978,and 1984 to remove plutonium- contaminated soils from 
three different areas within the 903 Lip Site. The 1976 soil removal operation began in June 1976 and ended 
in September 1976. This cleanup consisted of hand-excavating contaminated soils from an area in the vicinity 
of the Reactive Metal Destruction Site until soil contamination levels were below the detection limit of the 
Field Instrument for Detection of Low Energy Radiation (FIDLER). The detection limit of the FJDLER 
is  250 counts per minute (cpm). The FIDLER "counts" are an instrument-dependent measure of surface 
activity and cannot be converted to plutonium concentration in the soil. The excavated area was covered 

with clean top soil and reseeded with native grasses. Thirty-five boxes, weighing a total of 125,00Opounds, 
were removed and shipped offsite for disposal during the 1976 cleanup (Barker 1982). The offsite disposal 
location was not prmrided by Barker (1982). Recent radiological surveys have been conducted to further 
assess radioactive contamination. These include an aerial gamma survey conducted in July 1989 (EG&G 
1990e) and a ground-based gamma survey conducted in 1990. 

The 1976 soil-removal technique of hand-excavation was inefficient, considering the large amount of 
contaminated soils requiring removal at In June 1978,a second soil removal project began 
north of the 1976 removal using a front and in conpnction with a bulldozer. All soil that 

exceeded 2,OOOcpni, as determined by a AS semoved. Cleaned areas were resurveyed and 
soil remo\ral continued until background-level readings (approximately 250 cpm by a FIDLER survey) were 
obtained. Topsoil was then applied to the excavated area, and the site was revegetated with native grasses. 
During the 1978 soil removal, 1448 boxes, weighing approximately 4.7 million pounds, were removed and 

shipped offsite (Barker 1982). The o osal location was not provided by Barker (1982). 

Approximately 0.5 oved from the 903 Lip Site during the two soil-removal 
average soil plutonium concentration of 545 pCi/g (1,300dpiiiig) and 

a soil density of one gram per cubic ntimeter (glcm') (Barker 1982). 

A third soil cleanup was pe 

wall pallets of contaminated 
topsoil (Setlock 1984). 

along the eastern edge of the 903 Lip Site in 1984. A total of 214 tri- 

ere removed from the area. The excavated area was backfilled with clean 

1.4.1.3 Trench T-2 Site (IHSS Ref. No. 109) 

Trench T-2 is located south of the 903 Drum Storage Site and west of the Reactive Metal Destruction Site, 
within the 900 Area (Figure 1-6). This trench was used prior to 1968 for the disposal of sanitary sewage 

sludge and flattened drums contaminated with uranium and plutonium. This trench is believed to measure 
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approximately 15 feet wide by 200 feet long by 5 feet deep (Rockwell International 1987~) .  Barrels were 
noted in the western end of Trench T-2 during 1987 investigations. 

1.1.1.4 Reactive Metal Destruction Site (IHSS Ref. No. 1401 

The Reactive Metal Destruction Site is located on the hillside south of the 903 Drum Storage Site (Figure 
1-6). This site was used during the 1950s and 1960s primarily for the destruction of lithium metal (DOE 

1986). Approximately 400 to 500 pounds of metallic lithium were destroyed on the ground surface in this 
area and the residues, primarily lithium carbonate, buried (Illsley 1978). Smaller unknown quantities of 

sodium, calcium, magnesium, solvents, and unknown liquids were also destroyed at this location (Illsley 
1978). 

Baszd on review of historical aerial photography, the Reactive Metal Destruction Site was used from 1968 
to 1971. Barrels were noted in the southwestern comer of lHSS 140 during 1987 investigations. 

1.4.1.5 Gas Detoxification Site (IHSS Ref. No. 183) 

Building 952, located south of the 903 Dmm te, was used to detoxify various gases from lecture 
bottles between June 1982and August 1983, Th held approximately one liter of compressed 

gas, each. oxides, chlorine, hydrogen sulfide, sulfur 
tetrafluoride, methane, hydrogen fluoride, and ammonia, which were used in Plant research and development 

work. Gas detoxification was accomplished by using various commercial neutralization processes available 
at the time. After neutralizatian, glas process was triple-rinsed, crushed, and deposited in 

the present landfill. The neutralized to the environment during detoxification would no 
longer be detectable (Rockwell Intern 

The gases consisted of various types of n 

1.4.2 Mound Area 

ites (Figure 1-6). These are: 

0 HSS Ref. No. 113) 

0 Trench T-I Site (IHSS Ref. No. 108) 

Oil Burn Pit No. 2 Site (IHSS Ref. No. 153) 0 

0 Pallet Burn Site (IHSS Ref. No. 154) 

These sites are described individually below. 
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1.4.2.1 Mound Site (IHSS Ref. No. 113) 

The Mound Site, located north of Central Avenue in the eastern Plant security area, was used between April 

1954 and September 1958 for drum disposal. Approximately 1,405 drums containing primarily depleted 
uranium- and beryllium-contaminated lathe coolant (a mixture of about 70 percent hydraulic oil and 30 

percent carbon tetrachloride) were placed at the Mound Site (Rockwell I rnational 1987~).  [Records do 

not indicate that the barrels were actually buried (Calkins 1970)l. It is li that some of the coolant also 

contained enriched uranium and plutonium (Rockwell International 1987~).  Some drums also contained 
Perclene (Smith 1975): Perclene was a brand name of tetrachloroethene (Sax and Lewis 1987). Some of the 
drummed wastes placed in the Mound Site were in solid form (Rockwell International 1987~) .  

Cleanup of the hlound Site was accomplished in May 1970,and the 
shipped to an offsite DOE facility for disposal. Listed below is an 

from the hlound Site in 1970(Dow Chemical 1971). 

materials removed were packaged and 

inventory of the 1,405 drums removed 

N o .  of  Drums 

903 

21 

12 

102 

282 

Con tents 

30-gallon drums of depleted-uranium solid waste 

30-gallon drums of deple rn oil waste 

30-gallon drums of plufonium-contaminated oil waste. "The plutonium content 

was so low that it was measurable only by the most sensitive laboratory 
Dow Chemical 1971). 

d-uranium solid waste 

ted-uranium oil waste 

(0.4 to 51 pCifg) activity. radioactive contamination is thought to have come from the 903 Drum 
Storage Site via wind dispersion rather than from the Mound Site, as it was limited to the surface (Rockwell 
International 1987~).  

1.42.2 Trench T-1 Site (IHSS Ref. No. 108) 

The trench was used from 1954 until 1962 and contains approximately 125 drums filled with approximately 
25,000kilograms (kg) (55,115pounds) of depleted-uranium chips (Dow Chemical 197 1) and plutonium chips 
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coated with small amount of lathe coolant (Rockwell International 1987~) .  The estimated dimensions of 

Trench T-1 are 15 feet wide by 200 feet long by 5 feet deep (Rockwell International 1987~) .  Trench T-1 was 
covered with about two feet of soil, and the corners were marked (Rockwell International 1987~) .  

Weed-cutting activities in October and November 1968 unearthed two drums inadequately covered with f i l l  
niaterial. Both drums were sampled and analyzed for total plutonium and uranium contents before they 
were disposed offsite (Illsley 1983). The offsite disposal location was not provided by Illsley (1983). One 
of the drums sampled contained an oil-water mixture with 55 pCiA of plutonium and 2.3 x IO’ pCill of 

uranium. The other drum contained an oily sludge with 4.6 pCi/g of plutonium and 1.2 x IO6 pCilg of 
uranium (Illsley 1983). 

- 

1.4.23 Oil Burn Pit No. 2 Site (IHSS Ref. No. 1531 

Oil Bum Pit No. 2 is actually two parallel trenches that were used in 1957 and from 1961 to 1965 to bum 
approximately 1,082drums of oil containing uranium (Rockwell International 1987~) .  In March and April 

of 1957, the contents of an estimated 169 uraniuni-contarnina d waste oil drums were burned. No further 
burning took place until 1961. Frequent burning of waste oil took place from June 1961 to May 1965. The 

contents of approximately 914 drums were burned d g this time. The drums used for the o i l  burning 

operation were generally reused; however, 300 empty ms were discarded by flattening and burying them 

in the burning pits (Dow Chemical 1971). The uranium concentrations of the burned waste oil is unknown. 
The residues from the burnin flattened drums were covered with backfill. In 1978, the 
area was excavated to a depth t and 289 boxes (56 cubic feet per box) of contaminated 

soil were removed and shippe an authorized DOE disposal site (Illsley 1983). The offsite disposal 
location was not provided by 

1.4.2.4 Pallet Hririi Site IIHSS Ref. No. 1541 

An area southwest of Oil Barn Pit No. 2 was reportedly used to destroy wooden pallets in 1965. The types 

of hazardous substances o onuclides that may have been spilled on these pallets is unhiown. This site 
was cleaned up and reclai the 1970s (DOE 1986). Two locations for the Pallet Bum Site are shown 
on Figore 1-6. The westernmost location was reported by Owen and Steward (1973). However, based on 

review of historical aerial photographs, there was no disturbance at this western location. The eastern 
location was ideritifred from 1963 and 1965 aerial photography of the area. 
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1.4.3 East Trenches Area 

The East Trenches Area consists of nine burial trenches and two spray irrigation sites. These sites are: 

0 Trench T-3 (IHSS Ref. No 110) 

0 Trench T-4 (IHSS Ref. No. 111.1) 
0 Trench T-5 (IHSS Ref. No. 111.2) 

Trench T-6 (IHSS Ref. No. 111.3) 
0 Trench T-7 (IHSS Ref. No. 11 1.4) 

Trench T-8 (IHSS Ref. No. 111.5) 
Trench T-9 (IHSS Ref. No. 111.6) 

Trench T-10 (IHSS Ref. No. 111.7) 
0 Trench T-11 (IHSS Ref. No. 111.8) 

0 East Spray 
8 Irrigation Sites (IHSS Ref. Nos. 216.2and 216.3) 

Trenches T-3, T-4, T-10, and T-11 are located north of the east access road, and Trenches T-5 through T-9 

ale  south of the east access road. The was es have not been disturbed since their burial. 
The spray irrigation areas are located east T-5 through T-9 (Figure 1-6). 

These trenches, as well as Trench 1954 to 1968 for disposal of approximately 125,000 

i m  and plutonium and approximately 300 flattened, 
j983). Radiation content of the sewage sludge ranged forin 

and Steward 1973). Total alpha 

IliCuries (0.1 to 0. I4 Ci) (Dow 
uranium-contaminated asphalt 

empty drums contaminated with uranium 

planking from the solar evaporation ponds (Illsley 1983). 

According to Illsley (1983), sam les were collected from Trenches T-9, T-10, and T-11, and the results were 

as follows: 

“Samples from T-11 contained plutonium in the ranges from 4.5 to 50 pCi/g and uranium-238 in 
the range bztween 0.9 and 158 pCi/g. Trench T-10 was found to contain uranium in the range 

between 40 and 126 pCi/g and Pu-239 in the range from 0.18 to 14 pCi/g .... Plutonium 
concentrations in collected samples varied from 0.40to 68 pCi/g and uranium was found in the rage 

between 2.4 and 450 pCi/g in Trench T-9.“ 
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The sampling dates and collection methods of these samples are unknown. 

1.4.3.2 East Sprav Irrigation Sites (IHSS Ref. Nos. 216.2 and 21631 

IHSS numbers 216.2 and 216.3 were used for spray irrigation of sewage treatment plant effluent. These 

areas have been designated as IHSSs because effluent containing low concentrations of chromium was 

inadvertently sprayed in the area in February and March 1989. The chromium entered the sanitary sewage 
treatment plant on February 3, 1989, subsequent to a spill of chromic acid in Building 441 (Rockwell 

International 1989d). 

1.5 PRIOR SITE CHARACTERIZATION 

Site characterization activities have been conducted at Rocky Flats over approximately the past 30 years. 
Drilling programs initiated in 1960 resulted in the constniction of 56 groundwater monitoring wells Plant- 
\<ride prior to 1986. At least six of these pre-1986 wells are located within Operable Unit 2. Screen intervals 

and other construction details of  these wells are unknown. The six pre-1986 wells and their depths are: 

Well 171,24 feet deep; Well 271,30 fee ; Well 374,24 feet deep; Well 774.50 
feet deep; and Well 2274, 162 feet deep. re listed in Subsection 1.3.1.2of this 
work plan. A Phase I RI was conduct and 1987 to initiate the second major activity of the ER 

Program at Rocky Flats. Figure 1-9 shows the location oreholes drilled and monitoring wells installed 
in 1986 and 1987,as well as t ations of several monitoring wells installed in 1971 and 1974. Little is 

known about the constructio of the earlier wells. Several figures in Section 2.0show the area where 
thz inajority of the horehol 

1.1.1 Phase I Remeriiwl Investigati 

A Phase I RI (Ro 
Program at Operable Unit 2. 

ted to initiate Phase 2 of the Rocky Flats ER 

The Phase I RI consisted o f t  following field activities: 

a Electromagnetic, resistivity, and magnetometer geophysical surveys 

a A soil gas survey 

a Soil sample collection from 33 boreholes 

a Completion of 10 Alluvial and 14 bedrock monitoring wells 
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0 Groundwater sampling of new and previously existing wells 

0 Slug testing of 13 wells 

0 Packer testing of cored bedrock wells 

Collection of 22 surface water seep samples 0 

0 Air monitoring for total long-lived alpha, plutonium, and volatile organics during field 
activities 

In addition to the Phase I investigation at the 903 Pad, Mound, and East Trenches areas, several monitoring 
wells were installed in these area as part of a Plant-wide hydrologic investigation in 1986 (Rockwell 

International 19862). Surface water, soil, and air samples have, lso been collected at these areas as part of 

various investigations. The Phase I1 RFURI Work Plan (Allu al) presents a more complete summary of 

the Phase I RI than this bedrock work plan does. This work plan presents data from the Phase 1 RI and 
other pievious work that are pertinent to bedrock character ion. Radiological surveys of the ground 

surface have also been conducted, the usged in the Alluvial Work Plan. These 

included a survey of the 903 Pad in 1968 survey of the entire plant (EG8rG 1990e). 

In addition, further ground-based radiological m obtained in summer/fall 1990, the results 

of which are not yet published. 

1.5.2 Recent Geologic Ch;rr 

Subsequent to the draft Phase I RI identified inconsistencies in the methods that had been 

used for logging geologic mate and interpreting geologic data. As a result, a project was initiated to 

of the Rocky Flats Plant by conducting a literature review reclassifying 
standardized procedures, conducting further laboratory testing on 

sing seismic data, and then reinterpreting the geology based on all 

a\railalde data. 

Interim results of this ongoing study are presented in a draft report (EG&G 1990a). That report presents 

summaries of stratigraphy and structural geology of the area and regions, the current working model of Plant 
geology, conclusions based on the working model, and recommendations for further work required to 

continue the ongoing characterization. 

Shallow, high-resolution seismic reflection profiling (EG&G 1990b) has been conducted to supplement the 
ongoing geologic characterization efforts. A primary focus of the seismic work has been to delineate both 

suhcropping and confined channel sandstone units in the predominantly claystone Arapahoe Formation 
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bedrock. EG&G (1990b) presents the reduced data and interpretations based on 14 seismic reflection lines 
in the Operable Unit 2 area. 

1.53 Phase I1 RFI/RI Work Plan (Alluvial) 

The Phase I1 RFI/RI Alluvial Work Plan (EG&G 1990c) presents d d summaries of data obtained 
during the Phase I RI. However, both the data and the discussion of site hydrogeology and nature and 
extent of contamination concentrate on the geologic materials and groundwater contained in the upper 
hydrostratigraphic unit (HSU). The FSP contained in the Alluvial Work Plan addresses the investigation 

of the upper HSU (subsurface sediments above the conceptual boundary shown in Figure 1-1). 
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2.0 
SITE CHARACTERIZATION 

This section describes the current understandmg of the site physical characteristics, the nature and extent 
of contamination, and potential pathways to human receptors or the environment in Operable Unit 2. 
Existing data were obtained from previous site investigations as summatiled in Subsection 1.5. The 
description of site characterization presented in this work plan includes excerpts from the Alluvial Work Plan 
(EG&G 199Oc), but it concentrates on the assimilation o f  data pertinent to characterizing the bedrock. 
Much of the bedrock data were included but not evaluated in the Alluvial Wurk Plan. The description of 
site physical characteristics and nature and extent of contamination presented in Subsections 2.1 and 2.2, 
respectively, were combined to develop a site conceptual model, Subsection 2.3. 

2.1 SITE PHYSICAL CHARACTERISTICS 

The physical characteristics of the region and plant site me presented in Subsection 1.3. Site locations and 
descriptions, including historical accounts tivities, are presented in Subsection 1.4. This section of 
the work plan summarizes existing ts the current working model of the site 
geohydrology, emphasizing bedrock geology c unit(s) (HSU) underlying the upper 
HSU. 

2.1.1 Geology 

2.1.1.1 Surficial Geolagy 

Surficial materials at the 903 Pad Mound, and East Trenches areas consist of the Rocky Flats Alluvium, 

colluvium, and valley fill dluvium unconformably overlying bedrock (Figure 2-1). The area is situated on 
a pediment of Flats Alluvium that extends eastward from the Plant. The Rocky Flats Alluvium 

consists of a poorly to moderat sorted, poorly stratified deposit of clays, silts,.sands, gravels, and cobbles. 

A portion of the 903 Pad extends south off the pediment toward the South Interceptor Ditch. 

Colluvium is present on the e south of the 903 Pad and East Trenches areas and on the hillside north 

o f  the Mound and East Trenches areas. Valley fill alluvium is present in the drainage o f  Woman Creek 
south of the 903 Pad and East Trenches areas and in the South Walnut Creek drainage north o f  the Mound 
Area. 

Buried paldrainages and ridges eroded into the Arapahoe Formation bedrock surface are present at the 
base of the Rocky Flats Alluvium (Figure 2-2). A relatively small palmgully is present, starting near the 
southeast comer of the Mound Area and extending southeast, where it is truncated by the hillside. A larger 

paleogully starts south of the east end of the East Trenches and trends northeast, traversing the central 
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portion of the East Trenches. A paleoridge is present on the north side o f  this paleogully, starting in the 
Mound Area and trending east-northeast across the northwest portion o f  the East Trenches Area. A 
topographic high in the bedrock surface occurs on the south side of the larger paleogully, just south of the 
central portion of the East Trenches. 

2.1.1.2 Bedrock Geologv 

Significant work has been conducted recently to reline the characterization of the bedrock at Rocky Flats. 
A draft Geologic Characterization Report addressing Rocky Rats @G&G 1990a) was prepared based on 
a comprehensive literature search, reprocessing and describing previously obtained core samples, 
reprocessing previously obtained seismic data, and colleGting and analyzing selected samples for grain size 

analyses. The geologic characterization is an on-going program that willincorporate all geologic information 

Plant-wide for continued refinement of the working geologic model. In addition to these efforts, high- 
resolution seismic reflection profiling was conducted in the Operable Unit 2 area (EG&G 1990b). These 
two studies were conducted concurrently and the description bf bedrock geology presented in this work plan 
utilizes the results of both. The Rocky Flats site-wide geologic characterization study is ongoing. 

The Cretaceous-age Arapahoe Formati surficial materials at the 903 Pad, Mound, and East 
Trenches areas. The high-resolution sei cated that the Arapahoe Formation dips 
at less than 2 degrees to the east. The ch is approximately 250 feet thick in the 
vicinityof the Plant (EG&G 1990a), consists af fluvialclaystones with interbedded sandstones, siltstones, and 
occasional lignite deposits. Contacts between these lithologies are both gradational and sharp. 

The Arapahoe Formation was streams that flowed east-southeast from the Front 
Range Uplift (Weimer 1973). Finin raded sandstone sequences within the formation are 

representative of both laterally ts and floodplain splay deposits. Laterally accreted 
point bar deposits occur by the slow migration of fluvial channels, and splay deposits are formed by 

during floads (Blatt et al. 1980). Overbank flood deposits consist of very fine 
e stream channel or on the stream flood plain. Channel fill deposits are 

y a reduction in stream discharge or by cutoff o f  a meander (formation of 

Based on previous investigations the on-going geologic characterization by EG&G, bedrock in the 903 Pad, 
Mound, and East Trenches areas is predominantly claystone (EG&G 19%). However, six channel 
sandstone intervals have been preliminarily identified beneath the Rocky Flats Plant. These are general 
stratigraphic intervals, each of which contains sandstone only at some locations. They have been sequentially 

numbered according to increasing depth. Thus, Arapahoe Sandstone No. 1 is the uppermost sandstone, 

which subcrops in many areas. Arapahoe Sandstone No. 6 is present at or near the base of the Arapahoe 
Formation. 
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Generally, the Arapahoe Sandstones that occur within 30 to 40 feet of the base of the alluvium are oxidized 

and are pale orange, yellowish-gray, and dark yellowish-orange. The sandstones that are not in the 
weathered zone are light gray and olive-gray. Most of the sandstones are very fine-to-medium grained, 
poorly-to-moderately sorted, subangular to subrounded, silty, clayey, and quartzitic, with trough and planar 
cross-stratification. The clay stones and silty claystones are light-to-medium olivegray, occasionally olive- 
black with some dark yellowish-orange claystones in the weathered intervals near the base of the alluvium. 
The yellowish-orange and yellowish-brown color is the r d t  of the iron oxide staining. 

The draft Geologic Characterization Report @G&G 19%) included mapping the estimated areal extent 
of Arapahoe Sandstone Nos. 1,3, and 4. The lateral extent of channel deposits in a h  of these lithologic 
intervals was estimated based on previous borehole information. Figure 2-3 shows the estimated lateral 
extent and thickness isopachs of the Arapahoe Sandstone No. 1, and Figures 2-4 and 2-5 show the estimated 
lateral extents of the Arapahoe Sandstone Nos. 3 and 4. Sandstone was also found in the Number 2 and 
5 intervals in several boreholes in the Operable Unit 2 area. However, there was not sufficient information 
to estimate the lateral extent of sandstones within these intervals. Figures 2-6A and 2-6B, 2-7A and 2-7B, 
and 2-8A and 2-8B show cross sections depicting the Arapahoe Sandstone intervals along three alignments 
through the Operable Unit 2 area. The alignments A-A', B-B', and G-G' are shown in Figures 2-3,2-4, and 
2-5. These sections are from the draft G rt (EG&G 1990a). 

Significant areas of the Arapahoe Sands rop beneath the Rocky Flats Alluvium 
in the 903 Pad, Mound, and early the entire area shown as the 
Arapahoe Sandstone No. 1 Alluvium. Figure 2-8C shows 
estimated areas of subcropp It of the significant areal extent 
of subcropping Arapah since significant contamination has been found in this 
uppermost sandstone i n t e ~  to be within the upper HSU. 
Therefore, the conceptual boundary between the alluvial and bedrock components of the RFURI passes 

andstone No. 1. Figure 1-1 shows the conceptual boundary between the alluvial and 
. Mthough there are areas where the lower sandstone units may subcrop 

, the areal extent of these subcrops is estimated to be relatively small 
ered to be in the upper HSU. Therefore, they willbe treated as part 

of the bedrock component of the RFI/RI. 

High-resolution seismic reflection profiling @G&G 1990b; Rockwell International 19898) was conducted 
to help r e h e  the working model of the bedrock geology, particularly in the Operable Unit 2 area. There 
are some differences between the draft Geologic Characterization "Report and the high-resolution seismic 
reflection profiling report in the estimated thickness and areal extent of the Arapahoe Sandstone No. 1. 

Since the Arapahoe Sandstone No. 1 is considered to be within the upper HSU, further characterization of 
it and resolution of differences between the Geologic Characterization report and high-resolution seismic 
profiling results will be part of the alluvial RFIRI activities. 
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In general, the high resolution seismic reflection profiling was not conducted in the areas where the 
Arapahoe Sandstone Nos. 3 and 4 were indicated in the draft Geologic Characterization Report. Therefore, 
it was not determined by the seismic work conducted to date whether there may be relatively large and 

continuous channel deposits within these lithologic intervals as depicted in Figures 2 4  and 2-5, or whether 
the occurrence o f  fluvial channel sequences in these intervals is more l o c a l a  and discontinuous. The high- 
resolution seismic reflection profiling report indicated the presence of two relatively small areas of relatively 
thick channels. The area1 extents of these sandstones are shown in Figures 2 4  and 2-5, and the depths 
indicated by seismic results are shown in section in Figure 2-8A+ They are indicated to be 50 to 60 feet 
thick, compared to the 10- to 20-foot thickness generally indicated for the intervals described in the draft 
Geologic Characterization Report. However, the interpretation of the seismic data is based to a large extent 
on estimates of seismic velocities. The investigation desc in this work plan will include boreholes at 
these locations to help correlate seismic velocities with lithology. The ongoing geologic characterization by 
EG&G may include further work to assist in refining these interpretations. There appears to be a potential 

for the sandstones inferred from the seismic work to correspnd to the Arapahoe Sandstone NOS. 3 though 
5 intervals. 

Table 2-1 presents a tabular summary o well screen intervals, and the depth of the contact 
between the alluvial and bedrock componen on wells and boreholes drilled into the 

bedrock. This information, along with the in Figure 2-2 and Arapahoe Sandstone 

No. 1 isopachs shown in Figure 2-3, was used to develop a contour map of the base of the upper HSU 
(Figure 2-9). Note that, based re 1-1, the depth to the contact between work plan components is 

5 feet lower than the upper H surface shown in Figure 2-9. 

2.1.2 Groundwater Hydrology 

Unconfined groundwater flow ocours in the surficial materials and in subcropping sandstones. In addition, 
subcropping claystones m y  be saturated in some locations, particularly where weathered and fractured. 

occurs in the lower sandstone units, and possibly in saturated zones of claystone 
vity. The majority of wells that have been installed in weathered claystone 

2.1.2.1 Groundwater Flow Svstem in UDwr HSU 

Recharee/Discharge Conditions 

Groundwater is present under unconfined conditions in the Rocky Flats Alluvium, colluvium, valley fill 
alluvium, and subcropping sandstones. Recharge to the upper HSU occurs from infiltration of incident 

precipitation and as seepage from ditches, creeks, and ponds. 
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The shallow groundwater flow system is dynamic, with large water level changes occurring in response to 
precipitation events and stream and ditch flow. Alluvial water levels are highest during the spring and early 
summer months of May and June. Water levels generally decline during the second half of the year, at 
which time some wells go dry. The shallow groundwater flow system supports ephemeral flow in the creeks. 

Alluvial groundwater discharges from seeps to colluvium in surface water drainages, and to subcropping 
Arapahoe Sandstone in the 903 Pad, Mound, and East Trenches areas. Seeps occur along the edge of the 
pediment (at the alluvium/bedrock contact) and on the hillside dope& Visible seeps on the hillsides may 
be due to thinning of colluvial materials. There are several seeps dawnslope to the southeast of the 903 Pad. 
Surface water stations established at these seeps in the 903 Pad Lip Area are designated SW-50, SW-51, SW- 
52, SW-55, SW-57, SW-58, and SW-77. Figure 2-10 shows &e locations of these seeps in relation to areas 
of potential sandstone subcrops on the hillside. Station SW-50 is closest to the 903 Pad, and SW-57 and SW- 
52 are south of SW-50. SW-51 and SW-58 are located in a ditch along the road east of SW-50. Overland 
flow of seepage from SW-50, SW-52, and SW-57 enter the dit&. Water in the ditch passes under the road 
south of these locations through a culvert. The discharge of the culvert is SW-55. SW-77 is another seep 
located on the east side of the road, just north of SW-55. It is noted therefore, that SW-51, SW-58, and SW- 
55 are physically connected and likely receive m SW-50, SW-52, and SW-57. Farther downgradient 
stations include seeps at SW-53, SW-62, SW 7, SW-30, SW-54, and SW-70 on the South 
Interceptor Ditch; and SW-26, SW-28, and eek. Ground water in valley fill materials 
discharges to Woman Creek or South Walnut Creek, 

Groundwater Flow Directions 

Groundwater flow in the unconfin generally from west to east. Figure 2-11 depicts the 
potentiometric surface €or the red in April 1988,and represents the most extensive area 

Unit 2 measured since the Phase I RI (EG&G 199Oe). For the purpose of this 

ed to represent a typical seasonal high water table. This figure is based on water 
eted in both surficial materials and subcropping sandstones that exhibit unconfined 

conditions. Groundwater flo thin the Rocky Flats Alluvium generally follows the topography and on a 
large scale is predominant1 tward in the area. Groundwater flow directions in the subcropping 
sandstones are probably influenced by the geometry of the sandstone channels (see Figure 2-9). 
Groundwater flowing toward the pediment edges emerges from seeps at the contact between the alluvium 
and claystone bedrock (contact seeps), is consumed by evapotranspiration, or flows through colluvial 
materials following topography toward the valley fill alluvium. Once groundwater reaches the valley fill 
alluvium, it either flows down-valley in the alluvium, is consumed by evapotranspiration, or discharges to the 
creek. During the driest periods of the year, evapotranspiration consumes enough water that there is no flow 
in either the colluvium or the valley fill alluvium. Therefore, wells completed in these areas are typically dry 
during some portion of the year. 
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Groundwater Flow Rates 

Hydraulic conductivity values were estimated for muficial materials based on drawdown-recovery tests 
performed on 1986 wells during the initial site characterization (Rockwell International 1986e) and from slug 
tests performed on selected 1986 and 1987 wells during the 1987 Phase I RI. 

For the Rocky Flats Alluvium, the hydraulic conductivity values reported based on all hydraulic tests in wells 
range from 4 x 10” centimeters per second ( cds )  at Well 3986 to 5 x 10’ c d s  at Well 4286. The 
geometric mean hydraulic conductivity for all tests was 4 x lo4 c d s .  Based on an average horizontal 
gradient of 0.02feet/foot (ft/ft) at the 903 Pad, Mound, and East Trenches areas, an assumed effective 
porosity of 0.1, and a mean hydraulic conductivity of 4 x lo4 cds ,  the average groundwater velocity in the 
Rocky Flats Alluvium is 85 feet per year (ftlyr) (Rockwell International 1987a). Based on the ranges of 
hydraulic conductivity values, the average linear velocity of groundwater ranges from about 8 ft/yr to 10,300 
ft/yr (EG&G 1990~). 

The geometric mean hydraulic conductivity based on drawdown-recovery tests for the Woman Creek valley 
fill alluvium is 7 x lo4 c d s ,  and the range m 5 x lo5 c d s  at Well 6886 to 3 x lo3 c d s  at Well 6586. 
No slug tests were performed on wells in Woman Creek valley fill. Assuming a horizontal 
gradient of 0.02 ft/ft, an assumed effective porosity 0 d a mean hydraulic conductivity of 7 x lo4 c d s ,  
the average linear velocity of groundwater in Woman Creek valley fill is 145 ft/yr (Rockwell International 
1987a). Estimates of average velocity of the groundwater range from about 10 to 620 ft/yr, based on 
the range of hydraulic condu ues (EG&G 19%). 

South Walnut Creek valley fill is conductive than that along Woman Creek, based on lithologic 
descriptions and hydraulic c 
been performed in Well 358 

3586. A drawdown-recovery test and a slug test have 
tivity of South Walnut Creek Alluvium calculated from 

lo5 c d s .  Results of the slug test indicated a hydraulic conductivity of 
mean conductivity of 9.5 x lo5 cm/s, an effective porosity of 0.1,and an average 

gradient of 0.02 ft/ft, the average linear velocity of groundwater in South Walnut Creek valley fill is 
estimated to be about 20 ft 1 International 1987a). 

The estimated average linear velocities of groundwater calculated for various suriicial materials assume the 
materials are fullysaturated year-round. However, as discussed above, portions of the Rocky Flats Alluvium, 
colluvium, and valley fill alluviums are not saturated during the entire year. In some areas the shallow 
groundwater flow occurs only nine months of the year (generally November through July). Thus, in such 
areas the resultant average linear velocity of groundwater, calculated as a yearly estimate, would be reduced 
in the shallow alluvial materials (approximately 65 ft/yr in Rocky Flats Alluvium, 110 ft/yr in Woman Creek 
valley fill alluvium, and 15 ft/yr in South Walnut Creek valley fill alluvium [EG&G 1990~1). 
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2.1.2.2 Confined Groun dwater Flow SvstemM 

Flow within the lower sandstones is believed to generally be from west to east, consistent with the gradual 

easterly dip of the bedrock; however, the geometry of the sandstone units and the groundwater flow paths 
in the bedrock are not well understood at this time. Also, there is not sufficient information to estimate 
groundwater flow rates in the lower sandstones. To estimate flow rates would require knowledge of 
hydraulic gradients within the individual sandstone units and further characterization of hydraulic conductivity 
and effective porosity values in the bedrock units. 

The results of packer tests conducted in the bedrock during the Phase I RI generally indicate low values of 
hydraulic conductivity, on the order of 1 x loa to 1 x lod cdsec, in both the unweathered sandstones and 
claystone. Although not supported by the available packer test data, geologic descriptions and particle size 
data on the sandstone and claystone indicate that the highest confined groundwater flow rates occur in the 
sandstones contained within the claystones. Slug tests conducted in wells screened in the unconfined 
Arapahoe Sandstone No. 1 indicated higher hydraulic conductivities in the range of 5 x lo5 to 1 x lo3 cdsec 
(Well 0987) (data presented in appendixes to Rockwell International 1987a). 

Figures 2-12 through 2-20 present well hydro for selected wells located near each other. These 
hydrographs demonstrate that relatively high d &Mia1 gradients generally occur in the Arapahoe 
Formation across the site. The lowest vertical gradient shown in Figures 2-12 through 2-20 was calculated 
to be approximately 0.33, reened in the Arapahoe Sandstone No. 3, and Well 
0887, which is screened 4 and 89 feet. These two wells are located in the 
881 Hillside area to the west thwest corner of Operable Unit 2. 

indicates that flow which occurs in the 
predominantly in a downward direction. However, based on the 

tly believed that the downward flow of 
the claystones willbe impeded by the low hydraulic conductivity of these deposits. The 

groundwater flow rates through the claystone are expected to depend primarily on the degree of weathering 
or fracturing (i.e.,seco raulic conductivity) rather than on the porosity and permeability in the pore 
spaces between indivi 

The relatively high ve 
unweathered claystone will tend 

cles (Le., primary effective porosity and hydraulic conductivity). 

Phaw II RFVRI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas 
Rocky Rata Plant, Golden, Colorado 
22578ElR1.2 02-01-91RlT 

b f t  Final 
January 24,1991 

Page 2-24 



$ 
v) 9 $: 

0 0 
u) m 
W OD 
v) In 

0 0 
b 
W 

0, 

Io W 
v) 

z 0 0 
u) m 
Q) 03 0, 
v) v) v) 

T 
L 

OPERABLE UNIT 2 
PIUSE XI RFI/RI WORK PLAN (BEDROCK) 

WELL HYDROGRAPHS 
(LOWER 881 HILLSIDE) 

Figure 2-12 1124191 



9829 

9889 

I . .  

I # *  1 
L80S 

$j 
Y 

0 0 0 
b m P) 
OD OD OD m m m 

0 0 0 
In P) 
Q) a, 0, OD 

2 Q, 

In m m m 

ti 
0 

CD eo m 
(D 

5 
t 
h 

0 

(0 
OD 
c) 
CD [4. ;; 

C 
a s 
5 
E 

: 

U 
P 
k u: 

U 
K 
4 
u1 
c 
2 w 
a 
a 
4 

B 
.L 

I 

US. DEPARWENT O? mmcy 
R ~ & J  p'hts Phnf Golden. Colorado 

OPERABLE UMT 2 
p w ~  ~j Wl/'Rl W O R K  PLAN (BEDROCK) 

WELL HYDROGRAPHS 
(SOUTH 903 PAD AREA) 

Figure 2-13 1124191 



a 

a 

a 

T .  

5 1 I 1 I I I I I I I I I 

0 O Z $  0 b : :  
Q Q o  OD O D I C  

I n I n  

0 
0) 

0 0  
P ) -  
m m  

0 0  
b I n  

In In I n v )  In I n I n  In 
0 0 )  

0 
Q, 

Q, 
\ 

0 

10 
? 

0 
? 
v 

W 
W 
u) 
\ 

W 
W : 

b 
W 
9 - 
P 
t 
b 
W 
s 

-3 
I- 
LL 

n 

0 

In In 

O Y )  
) c b  b 

... r+J I '  
OPERABLE UNIT 2 

PHASE II RFI/RI WORK PLAN (BEDROCK) 

WELL HYDROGRAPHS 
(903 PAD AREA) 

1/24/91 Figure 2-14 



P) * 
tn 

Y 
% 

.. . .. . . .. . .. .. 1 
L J  

I I I I I I I I I I I 

f" 

0 
b 
b 
u) 

I 
LL 
U 
E 
n 

1 

U.S. DEPARTYEKT O? XNERGY 
Rocky Flat. Plan+ Colden. Colorado 

OPERABLE UNIT 2 
P W E  II RFI/RI WORK PLAN (BEDROCK) 

WELL HYDROGRAPHS. 
(MOUND AREA) 

i Fiaure 2-15 1124191 



> 
U n 

I- 
t 

2_ 1; 

0 
0) 

u) 
\ 

W 

u) 
!? 

co 
Q : 
h co 
\ 
Q) 

- -. . 

a 

E 2 > 
3 
J a 

I 
U.S. DEPARTMENT O? 

~ o c l r ~ r  mats P ~ D +  Colden. Color*do 

OPHUBLE UNIT 2 
PWL u RpI/RI WORK PLAN (BEDROCK) 

WELL HYDROGRAPHS 

e 
LIL 
rn 

(WEST-EAST TRENCHES AREA) 

Figure 2-16 1121191 I 



1 
LOSE 

- 

0 
I- 
OD 
la 

0 0 0 O 

IC) v) v) 

F m O )  
v ) =  

v) m 
0) a, 

5% i- P 

US. DEPARTMENT O? SNXRCY 
Rocky F l a b  Plant. Colden. Colordo 

OPmUBrn m 2 
PHASE II m/RI WORK PUN (BH)ROCK) 

WELL HYDROGRAPHS 

TRENCHES AREA) 
(WEST CENTRAL-EAST 

Fiawe 2-17 llZIl9l 



0 
c) 
m 
16 

0 0 0 
u) VI b 
m VI 0, Q OD 

0 
c) 

u) In u) 16 u) 

0, 0 
16 
ui 
u) 

0 

m 
u) 

r 

I I I 

t 

I- 
LL * 
E 
n 

0 
I 

I 
I 

i 

! 
! 

I 

t 
( 
I 

: 
c 
t 

I 

c 
c 

. 
I 
< 

a 

I 

US. D E P A R "  OF ENERGY 
Roc- Flats Plant, Golden. Colorado 

WELL HYDROGRAPHS 

AREA) 
(CENTRAL-EAST TRENCHES 

Figure 2-18 ll24l9! 



0 0 0 0 0 
u) 0 u) 0 u) 
m m ua ua YC: 
u) u) v) u) lo 

t- co co cu 

d 

- s  
’ m .  

0 
K 

z s 

t 

C 
P 

2 

C 

3 
8 
!j 
E 
.: 
! 

U 

U 

U 
k 
7 
U 
2 
c 
0 
c 
a 

WELL HYDROGRAPHS 

TRENCHES AREA) 
(SOUTH CENTRAL-EAST 

Figure 2-19 1124191 



981V 

U.S. DEPARTMENT OF JZNEBCy 
Rocky Flab Plan+ Colden. Colorado 

OPERnBLE UNIT 2 
p m  n R F I ~  WOORK PLAN @EDROCK) 

WELL HYDROGRAPHS 
(EAST-EAST TRENCHES AREA) 

Figure 2-20 1/24/Sl 



2.1.3 Surface Water Hydrology 

2.1.3.1 South Walnut Creek 

The headwaters of South Walnut Creek were filled during construction o f  Plant facilities. The drainage from 

the Central Avenue area between the 903 Pad Area and the Mound A m  is diverted into a largediameter 

corrugated metal pipe that discharges into South Walnut Creek beneath a perimeter access road 
embankment outside of the Perimeter Security Zone (PSZ). 

A second culvert is a large-diameter concrete culvert that diverts storm flows from the area east of Building 

991 within the PSZ to South Walnut Creek. This con vert also discharges beneath the perimeter 
access road and into the South Walnut Creek drainage. 

A third culvert diverts flows from the western part of the PSZ to a point downstream of the two culverts 

described above. The third culvert terminates near the sewage plant discharge channel in South Walnut 
Creek. The combined flows, typically less than 10 gallons per minute (gpm) based on flow data from the 

first three quarters of 1989, then enter the S t Creek retention pond system. Below the retention 
ponds, South Walnut Creek joins North an unnamed tributary within the buffer zone 
before flowing into Great Western Re tely one mile east o f  this confluence. 

The South Walnut Creek ret d system wnsists of five ponds (B-1, B-2, B-3, B-4 and B-5) that 

retain surface water runoff monitoring and evaluation before downstream release 
of these waters. The South Walnut drainage is located in Operable Unit 6 ,  which is just north of 
Operable Unit 2. Ponds B-1 and B-2 a for spill control, surface water runoff, or treated sanitary 
waste of unknown quality, g pond for sanitary sewage treatment plant effluent. In 
the past, the normal discharge of Pond B-3 was to a spray system located in the vicinity of the East 
Trenches. The has ceased operating since then. Ponds B-4 and B-5 receive surface water 
runoff from the- ion of the Plant and occasional discharges fiom Pond B-3. The surface water 

runoff received by Pond B-4 is collected by the Central Avenue Ditch and upper reaches of South Walnut 
Creek. This includes storm runoff diverted via the two largediameter culverts. The discharge of Pond B-5 
is currently released to retention Pond A-4, located in the North Walnut Creek drainage. 

2.1.3.2 Woman Cree4 

Woman Creek is located south of the Plant with headwaters in largely undisturbed Rocky Flats Alluvium. 
Runoff from the southern part o f  the Plant is collected in the South Interceptor Ditch located due north of 
the creek and delivered to Pond C-2. Pond C-1 (upstream of C-2) receives stream flow from Woman Creek. 
The Woman Creek drainage is located in Operable Unit Number 5, which is just south of Operable Unit 

Number 2. The discharge from Pond C-1 is diverted around Pond C-2 into the Woman Creek channel 
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downstream. Water in Pond C-2 was previously discharged to Woman Creek in accordance with the Plant 
NPDES permit (Discharge Point 007), but is not currently being discharged. Future plans call for a transfer 
of water from Pond C-2 to the South Walnut Creek Retention Pond B-5. 

Flow in Woman Creek and the South Interceptor Ditch is intermittent; it appears and disappears along 
various reaches. During the 1986initial site characterization, measurable flow occurred at less than one-half 
of the ten stations located along Woman Creek and the South Interceptor Ditch (Rockwell International 
1986e). All recorded flows were less than ten gallons per minute. During the 1986 and 1987 investigations, 
there was no surface flow in Woman Creek downstream of Pond C-2. The intermittent surface water flow 
Observed in Woman Creek and the South Interceptor Ditch may indicate groundwater inflow and outflow. 

2 2  NATURE AND EX'IZNT OF CONTAMINATION 

2.2.1 Introduction 

The description of the nature and extent of contamination presented in this Subsection is based on data 
obtained from the Rocky Flats Environmental Database System (WEDS) supplied by EG&G. Most of the 
data were presented in the Alluvial Work EDS contains some data collected and/or 
validated since preparation of the Alluvial d data discussed in Subsection 2.2.2 were 
taken from the draft Background Geochemical Report (EG&G 1990d). 

Currently available validated 

definitive conclusions concerning t 
in the data summary tables in this su 

or an A (validated and acceptable 
detection limit. The code B refers to a blank sample. 

analytical data are relatively few in number and are insufficient to draw 

absence of contamination. Validated data are identified 
a V (validated and valid), an R (validated and rejected), 

ifications). J indicates that data are present but below the 

Most of the avail a€ytical data have not been validated. Only a few organic and metal sample results 
have been validated. Relatively high levels of several contaminants have been observed in the unvalidated 
data and occasionally in validated data. Most of the maximum contaminant levels identified in the bedrock 

are unvalidated, and therefore the quality of these data is unknown but have been used for planning 
purposes. The unvalidated data have been included in this work plan and utilized for planning because, 
without the use of these data, there would be a very limited basis for making initial decisions, from a 

chemical contamination standpoint, in determining locations of wells and boreholes. Data collected during 
the Phase I1 RFI/RI alluvial and bedrock sampling efforts may provide some indication of the reliability of 
the unvalidated data. 

Additional validated data from the first quarter of 1990 may be available in the near future and will be 
considered and evaluated when available. 
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2.2.2 Background Characterization 

2.2.2.1 Introduction 

To facilitate the interpretation of chemical results obtained during RFI/RXs, a background characterization 
program was implemented to define the spatial and temporal variability of nnaually Occwring constituents. 
Field work was conducted in 1989 and a draft Background Geochemicpl Characterbttion Report was 
prepared and submitted to the regulatory agencies on December 15,1989(Rockwell International 1989e). 
The report was recently finalized and Background Geochemical Characterhation report i d  in December 
1990 (EG&G 199Od). These documents munmarize the bnckpund data for groundwater, surface water, 
sediments, and geologic materials, and identifies statistid ’boundaries of background variability based on 
the available data. Spatial variations in the chemistry of geologic materials and water were addressed by 
sampling locations throughout background areas at the Plant. The sampling well locations were primarily 
in the Northern and Southern Buffer Zones of the Plant while groundwater flow for both the alluvial and 
bedrock systems is generally believed to be west to east @G&G 199Od). The goal of evaluating temporal 
variations in water chemistry has not yet been achieved because a minimum of two years of quarterly data 
are needed. The background report i a living document which will continue to evolve 8s 
additional background data are collected. eochemical characterization of the Plant 
has concentrated on the sOi1,bedroc-k an rmost unconfined aquifer. However, for 
the purpose of site characterization, in Geochemical Characterization report 
(EG&G 199Od) has been used reliminarily characterize inorganic contamination in Operable Unit 2 
bedrock. 

. 

0 

The boundary of background vari Background Geochemical Characterization Report was 
quantified through the calculation of intervals, assuming a normal distribution of values for each 
parameter analyzed. If a given constituent’s concentration ranged over more than three orders of magnitude, 

was used; othmise, a normal tolerance interval was used The maximum detected 
t of the tolerauce interval for each analyzed parameter in background groundwater, 

surface water, sediment, and gic samples are provided in the Background Geochemical Characterization 
Report. Maximum detected are provided and assumed to represent the maximum concentration for 
each naturally occurring ch constituent where there were insufficient data to calculate tolerance 
intervals. This occurred when there was an insufficient number of samples or an insufficient number of 
detectable concentrations for a given chemical constituent. A summary of the upper limit of the tolerance 
interval or maximum detected value in groundwater for metals, other inorganics, and radionuclides is 
provided for the weathered claystone, the weathered sandstone, and the unweathered sandstone in Tables 
2-2A through 2-2E, Tables 2-3A through 2-3D, and Tables 24A through 24E. Background information on 
the unweathered claystone is presently not available. 
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TABLE 2-2B 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
NORTH ROCKY FLATS WEATHERED CLAYSTONEGROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

C b  a b v k d  UN 

Mcpn I .m 

Slnadntd Dcvlption 0.%3 

salnpk s i  6 

Rtocn( Dclcccod 

* = Normnl or log ramal data dislriibuioos %IC .~Lmrd. M satislica 
U = Cmantratim bclow &mim limit. 
M = MANOVA. 

c = CObcD IWkd stshtics. 
UN = unmised statistics. 
A = PpRmstnc ANOVA. 
R - KMIEpl-WaLLi. w c  AWOVA. 
- = No c1pssification 
P = Tcsl of pnoponims. 

. = vllusmtomPl(sd. 
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TABLE 2-2C 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
WEATHERED CLAYSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

~ ~~ 

HCO, cq a CN r i m  p~ "AN4 s o 4  

N d  01 Lop Normal* Lop Nownl Nownl U r n  Lop Loo 
Uppcr Tdsnna Limit m.4996 8.6868 0.6143 49.3145 

h r  Tolc~mc Limit 6.6168 

Maximun Cmantratim 400.0 5.ou 0.01U 8.4 0.66 100.0 

144.0 5.ou 0 .owU 7.0 0.05u 11.0 

UN UN UN UN UN UN 

235.7107 2 . m  0.0033 7.6528 0.3413 33.4302 

22.9463 O.ma, 0.0019 0.4223 0.1022 5.8049 

W k  Sbz 12 12 14 18 13 12 

Rrce~n Lk& 100.0 0.0 7. I 100.0 92.3 100.0 

Cbsifimtian Mslhad A - KA KA KA 

* =  N m l  01 log rmmpl data dirtrihuim wre a s a d .  AU 8 (d* *. 
U = Cabxnmtim klw dstcdm limit. 

M = MANOVA. 
. = V l l u s m c ~ .  
C = Cobp n w k d  slslistia. 
UN = Unrsvird atstistics. 
A - Rvplnctric ANOVA. 
K = Knmkal-Wallis mapp~mtric AN 

= No clnssificstim. 
P = Ted of prcj-miaa. 
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TABLE 2-2D 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
SOUTH ROCKY FLATS WEATHERED CLAYSTONE GROUNDWATERSAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

3.w 

C 

12.4599 

5.1094 

6 
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TABLE 2-3B 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
WEATHERED SANDSTONE GROUNDWATERSAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

HCO, co, c1 CN F i i  PH NO,INO, =% 

N d  a Lag N d *  Los N d  Namrl N W  Los Ls 
Uppcr Tokmu Limit 236.m 8 . m  2.1- 39. I245 

h r  Tdcrprwlc Limit 5.6614 

Mnrimrrm Cooonurntian M.0 5 . w  0.01u 8.4 1.6 48 .O 

130.0 5.0U oawu 6.9 0.18 13.0 

UN UN UN UN UN UN 

175.5991 2 . m  0,OO.Z 7.2375 0 9473 27.7154 

18.0052 0.anO 0.0019 0.4926 0.3581 4.5328 

spmplc SiEC 7 7 6 8 1 7 

Rraat Dele353 0.0 100.0 100.0 100.0 

U = CoDanrrntion bclorv &clioo limit. 
M = MANOVA. 
. = Vahrm  rxmpted. 
C = Cobm revised scstiatim. 
w = u m w  setialle. 
A = Psmmstric ANOVA. 
K = KMM-Wnllis rarpmm~& MOVA. 
- = No cIPasiicPtim. 
P = Test of propntim. 
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TABLE 2-3C 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
SOUTH ROCKY FLATS WEATHERED SANDSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

Mepa 1 o . m  

slnrdnrd Deviation 2.0476 

*b sitc 7 

Rmsnc Dcrcasd 1M.O 

Clpssification M s W  - 

f =  N d  01 log mnnal dab distributima ws ass&. All (aldild vlhrs. 
U = Ccmcentmtim bclw dcmion b i t .  
M = MANOVA. 
. = VdU;mc coupled. 
c = Cokn rcviscd sm&tia. 
UN =Umwim3 8lntiSti.a. 
A = F ' a ~ w i c  ANOVA. 
K = KnmkrJ-Wallis ANOVA. 
- = No clausiiicatim. 
P = 'Td  of m i a m .  
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TABLE 2-4B 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
NORTH ROCKY FZATS WEATHERED CLAYSTONEGROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

nco, CQ, a CN Fmld pH WRJ4 

L@g 

3oz.m 

390.0 

140.0 

UN 

255.6284 

17.4508 

13 

l M . O  

N d  

30.1793 

25.0 

5.m 

C 

6.3774 

8.9129 

13 

69.2 

0.oMSu 8.0 

UN UN 

0.0037 8 . m  

0.0017 0.7005 

I 20 

18.2 lM.0 

LS Los 

29o.yO21 

3.6 670.0 

0.05U 5.0U 

C C 

0.7294 88.9962 

0.6543 75.6059 

12 13 

50.0 61.5 
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TABLE 2-4B 

STATiSTICS FOR INORGANIC CONCEEJTRATIONS IN BACKGROUND 
NORTH ROCKY FLATS WEATHERED CLAYSTONEGROUNDWATERSAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 
(Continued) 
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TABLE 2-4B 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
NORTH ROCKY FLATS WEATHERED CLAYSTONEGROUNDWATEK SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 
(Continued) 

Hco,  a CN FkM pH N 4 N 4  

N d  or Lng N d *  Lon 
Uppsr Tolcruwlc Limit 412.3540 

h r  Tolc~mc Limit 

260.0 

6.0 

Phaac II RFYRI Work Plan (Bedrock)-903 Pad, Mound, md E.st T m c b  A m ,  Draft Final 
Rocky Flats Plant, Golden, Colorado, Fcbnury 4,1991 
22578WRlT.24B 02-04-91/RPT Sheet 3 of 3 



TABLE 2-4C 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
NORTHERN ROCKY FLATS UNWEATHERED SANDSTONE GROUNDWATER 

SAMPLES 
(CONCENTRATION UNITS mg/l EXCEPT pH) 

4.0 

UN 

Mspn 23.8698 

* =  Nomul a log normal data distrituIicw 
U = Ckaxutmtim klw &&m limit. 
M = MANOVA. 
. = VphrndFOmpdod. 
c = C b  lcvkd statistics. 
UN =unrsviscd sro&tic% 
A = PpRlOctric ANOVA. 

- = No clnssificatian. 
P = T s t  of pmpor(iam. 

K = KMhl-WnUi  moprnmcvl 'c ANOV 
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TABLE 2-4D 

STATISTICS FOR INORGANIC CONCENTRATIONS IN BACKGROUND 
SOUTH ROCKY FLATS UNWEATHERED SANDSTONE GROUNDWATER SAMPLES 

(CONCENTRATION UNITS mg/l EXCEPT pH) 

H C 4  m, CI Ch Prld PH NO,/NO, so, 

Norrml a L q  Nomml* Los 
Uppcr TdcRaos Limit 412.350 

LopKr Tokrpm Limit 

Ma~im~nn Cmantration 260.0 

6.0 

UN 

159.6799 

* = Nampl or log Mimpl data dstritutiom -re w d .  Allstnci. ~ w x n m f o r m c d  ~ d o d  dw. 
u = c-ration blw dcleclim limit. 
M = MANOVA. 
. = Val= m~ mmpaad. 
c = cobstl INkd slslistie. 
UN = unreviacd statistis. 
A = Pamn%k ANOVA. 
K = KMLal-Wslli. nmppmtrk ANOVA. 

= No clsssimtim. 
P = Test of propofiiow. 

Phase II RFI/RI Work Plan @drock)-903 Pad, Mamd, md East Trcllcbcs A m ,  Draft P i  
Rocky Flats Plant, Goldcn, Colondo, Fcbnury 4,1991 
22578EIRlT.24D M-04-911RlT Sheet 1 of 1 



. .  



2222 Orpanics 

Background samples were not analyzed for EPA Contract Laboratory Program (CLP) Target Compound 
List (TCL) organics because organics are assumed not to be present in background areas. Validated results 

o f  a sample analysis that are above the method detection limit will be considered to represent potential 
contamination, and additional data will be collected at that location (Le., resampling) to evaluate whether 

the groundwater is actually contaminated at that location or i f  the analysis results may contain lab errors or 
artifacts. 

2223 Inorpanics 

To assess the presence o f  inorganic contamination in Operable Unit 2 ,  site-specific chemical data will be 
compared to the background tolerance intervals or the maximum detected value determined in the 

Background Geochemical Characterization Report. A co t concentration that is greater than the 
maximum detected background value and/or the upper limit value o f  the one-sided 95 percent tolerance 
interval at the 95 percent confidence level value will preliminarily be considered to represent contamination. 
This approach provides adequate information for borehole and monitoring well placement plans. Since the 
95 percent confidence level is being utilized that approximately 5 percent o f  the time, 

constituent concentrations will be found to e ce level even when contamination is not 

present. Therefore, resampling will be necessary to confirm the presence o f  contamination when the upper 
tolerance level is exceeded. 

. 

Available background information on eatheted claystone, weathered sandstone, and unweathered 
sandstone is provided for 2-2A, 2-3A, and 2-4A (metals), and 2-2B, 2-2C, 2-2D, 2-3B, 

2-3C, 2-3D, 2-4B, 2 4 C ,  llic inorganics). Tables 2-5A, 2-5B, and 2-5C provide 

information on well designations m d  lithologies screened by the wells. The background data generally 
indicate that uncon ed groundwater within the deeper confrned sandstones can be distinguished from 

that in the unconfi tones and alluvium by the presence o f  higher concentrations o f  sodium, sulfate, 
chloride, and total dissolved lids in water within the deeper confined sandstones. Comparison of  

concentrations in the Operable 

Background information on the unweathered claystone would be useful in assessing the presence or absence 
of contamination for inorganic species in the unweathered claystone within Operable Unit 2; however, no 
background information on the unweathered claystone is available. The primary contaminants identified in 
the upper hydrostratigraphic unit (HSU) [the volatile organic . species carbon tetrachloride (CClJ ,  

tetrachloroethylene (PCE), and trichloroethylene (TCE)] are the contaminants that are mobile and, 

therefore, most likely to migrate into the lower HSU(s). Therefore, volatile organic contaminants are 

believed to have a greater potential to be present in the lower HSU(s) than inorganic contaminants. 

t 2 groundwater with ARARs is presented in Section 3.0. 
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TABLE 2-SA 

SUMMARY OF WELLS USED FOR BACKGROUND 
CONCENTRATIONS OF DISSOLVED METALS 

Well Designation Screened Formation 

B203 189 KCL 
B203289 KCL 
B203489 KCL 
B203589 , KCL 
B203689 KCL 
B304889 KCL 
B305389 KCL 
B405489 KCL 

B203789 KSSU 
B203889 KSSU 
B203989 KSSU 
B204089 KSSU 
B204189 KSSU 
B304289 KSSU 
B304989 KSSU 
B405289 KSSU 

KSSW 
KSSW 

QC 
B201289 QC 
B20Sf89 QC 
B302089 QC 
B40 1989 QC 

B200589 QRF 
B200689 QRF 
B200789 QRF 
B200889 QRF 
B400 1 89 QRF 
B400289 QRF 
B400389 QRF 
B400489 QRF 
B405586 QRF 
B405689 QRF 
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TABLE 2-5A 

SUMMARY OF WELLS USED M)R BACKGROUND 
CONCENTRATIONS OF DISSOLVED METALS 

(Continued) 

Well Designation Screened Formation 

B405789 

B102289 
B102389 
B202489 
B202589 
B302789 

' B302889 
B302989 
B402689 

KCL = Wea 
KSSU = Unweathetr 
KSSW = Weathered 
QC = Colluvium 
QRF = Rocky Flats Alluvium 
QVF = Valley Fill Alluvium 
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TABLE 2-5B 

SUMMARY OF WELLS USED FOR BACKGROUND 
CONCENTRATIONS OF INORGANICS 

Well Designation Screened Formation 

B203189 KCL 
B203289 KCL 
B203489 KCL 
B203589 KCL 
B203689 KCL 
B304889 KCL 
B305389 KCL 
B405489 KCL 

B203789 KSSU 
B203 8 89 KSSU 
B203989 KSSU 
B204089 KSSU 
B204 189 KSSU 
B304289 KSSU 
B304989 KSSU 

89 KSSU 

34021 89 KSSW 
KSSW 

QC 
B201289 QC 
B205589 QC 
B302089 QC 
B401989 QC 

I3200589 QRF 
8200689 QRF 
B200789 QRF 
B200889 QRF 
B400189 QRF 
B400289 QRF 
B400389 QRF 
B400489 QRF 
B405586 QRF 
B405689 
B405789 
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TABLE 2-5B 

SUMMARY OF WELLS USED FOR BACKGROUND 
CONCENTRATIONS OF INORGANICS 

(Continued) 

Well Designation Screened Formation 

B102289 QVF 
B102389 QVF 
B202489 QVF 
B202589 QVF 
B302789 QVF 
B302889 QVF 
B302989 QVF 
B303089 

KCL = Weathered Cla 
KSSU = Unweather 
KSSW = Weathered 
QC = Colluvium 
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TABLE 2-5C 

SUMMARY OF WELLS USED FOR BACKGROUND 
EVALUATIONOF GROUNDWATER RADIOCHEMISTRY 

Well Designation Screened Formation 

B203 189 KCL 
B203289 KCL 
B203489 KCL 
B203589 KCL 
B203689 KCL 
B304889 KCL 
B305389 KCL 
B405489 KCL 

B203789 KSSU 
KSSU 
KSSU 
KSSU 
KSSU 

04989 KSSU 
05289 KSSU 

KSSW 
KSSW 

B304289 ' KSSU 

33201189 
B201289 

B40 

B200589 
B200689 
B200789 
B200889 
B400189 
B400289 
B400389 
B400489 
B405586 
B405689 
B405789 

QC 
QC 
QC 
QC 
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TABLE 2-32 

SUMMARY OF WELLS USED FOR BACKGROUND 
EVALUATIONOF GROUNDWATER RADIOCHEMISTRY 

(Continued) 

Well Designation Screened Formation 

B102289 
B 102389 
B202489 QVF 
B202589 QVF 
B302789 QVF 
B302889 QVF 
B302989 QVF 
B402689 QVF 

KCL = Weathered 
KSSU = Unweath 
KSSW = Weather 
QC = Colluvium 
QRF = Rocky Flats Alluvium 
QVF alley Fill Alluvium 

Phase II RFURI Wok Plan (Bcdrcck)-903 Pad, M d ,  md Erst Tmhe.8 A m ,  Drift k i d  
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2.22.4 Radionuclides 

Radionuclides are analyzed by counting sub-atomic particle emissions. Since the counting of radioactive 
disintegration is a process that may be evaluated statistically using a probability distribution, results are 
reported as a measured value with an associated two standard deviation propagated counting error term 
indicated in parentheses immediately following the measured value. For the purposes of this plan, the 
boundaries of the background range for radionuclides will be the tolerance interval values presented in the 
Background Geochemical Characterization Report and contained in Tables 2-2E, 2-3D, and 2-4E. However, 
it should be noted that the computation of tolerance intervals for radionuclides did not account for the error 
term associated with each analysis value reported. Site radionuclide concentrations elow the minimum 
detectable activity (MDA) are considered background. Also, concentrations where th rror term is larger 
than the measured value are considered below the MDA and are therefore considered not statistically 
different from background. Measured values that exceed their associated counting errors and are above the 
upper limit of the calculated tolerance interval value are considered to be above background. Because this 
comparison does not account for the propagated error associated with the upper limit of the background 
tolerance interval, this method is a conservative means of interpreting the site data. It is also noted that the 
upper limits of the tolerance intervals are si to the maximum concentration observed for 

the background data set. 

2 .23  Groundwater 

The 903 Pad, Mound, and E d on the east side of the Rocky Flats Plant security 
area, were selected for inves spected relationship to groundwater contamination. 
Based on existing results, primary volatile organic contaminants found in the 
upper HSU at these area ly exceeding background levels in the upper HSU 
include barium, copper, nickel, manganese, and zinc. Also, major anions and total dissolved solids are 
elevated above bac und in the upper HSU throughout and downgradient of the 903 Pad, Mound, and 
East Trenches are Radionuclide levels are generally within the tolerance limits for the background 
groundwater data, but a few samples indicate minimum detectable amounts of plutonium and americium 
in the vicinity of the 903 Pa and possibly north of the Mound. 

There are 20 wells in the 903 Pad, Mound, and East Trenches areas that are screened entirely with depth 
intervals believed to represent the lower (bedrock) HSU(s) (i.e., below the conceptual boundary shown in 
Figure 1-1). Analytical data are available for twelve of these wells. Of these twelve lower-HSU wells with 
analytical data, one of them, Well 1487BR, may be more representative of upper HSU groundwater 
chemistry since it is screened in weathered, subcropping Arapahoe Sandstone No. 5 at relatively shallow 
depth. Similarly, Wells 1287BR and 6286 are screened entirely in bedrock but are probably more 
representative of groundwater chemistry of the upper HSU than of the lower HSU. They are both relatively 
shallow and have the tops of their screens 1.5 to 3 feet below the bedrock surface. These two wells are 

Phase I1 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas 
Rocky Flats Plant, Golden, Colorado 
22578E/R1.2 02-04-91/RPT 

Draft Final 
January 24, 1991 

Page 2-59 



considered to be upper HSU wells since they are not entirely screened more than 5 feet into the bedrock. 
Samples collected from these wells contain various concentrations of organic, inorganic and radioactive 
constituents. The screened intervals for these wells range from relatively shallow (Well 1487BR, 19-24 feet) 
to relatively deep (Well 2887 BR, 187-197 feet). Although the currently available bedrock groundwater data 
is limited, it generally appears that contamination in the deeper zones of bedrock are in the same general 
areas as the maximum contaminant concentrations in the upper HSU (Le., the area east of the 903 Pad, the 
area southeast and east of the Mound Area, and the East Trenches Area). 

Areas where concentrations of contaminants in the upper HSU were relatively low or not present also 
tended to have lower or non-detectable levels of contaminants in the lower HSU. figures 2-21 through 2-23 
show plumes identified by the Phase I RI for the primary organic contaminants in the upper HSU. 

2.23.1 Oreanic ComDounds 

Most of the validated groundwater analytical results for detected volatile organic compounds in the lower 
HSU(s) are below or only slightly higher than the reporting limits required by the EPA Contract Laboratory 
Program (CLP). In many cases the d organics are also common laboratory contaminants that 
appeared in the laboratory method blanks. 1s of several organic contaminants, such 
as trichloroethane (TCA) and TCE, h 

Samples collected from We R, which is screened in the Arapahoe Sandstone No. 1 and located 
northeast of IHSS 111.1, c ,1-dichlaroethylene (1,l-DCE); 1,2-dichloroethylene (1,2-DCE); 
2-hexanone; 1,l,-trichloroethane, ene. 1,l-DCE was also reported in Well 1587 and 1,ZDCE was 
reported on one occasian in ur wells screened in depth intervals believed to represent 
the lower HSU(s) were found to con rganic compounds. These results are unvalidated. PCE 
was found in wells 1887BR and 2087BR, both of which are screened in lower sandstones. The 
concentrations were 16 pg/l in Well 1887BR, screened in the Arapahoe Formation Sandstone No. 4, and 
as high as 140 bg/ ll2087BR screened in the Arapahoe Formation Sandstone No. 3. These two wells 
are located in the eastern portion of the Mound Area. Less than 10 pg/l of methylene chloride was 
measured in Well 3487BR, and 8 pg/l of TCE was measured in well 4086. Both of these wells are screened 
in unweathered claystone in th east portion of the East Trenches Area. 

Well 1487BR is considered a lower-HSU well by the criteria used to distinguish the upper from the lower 
HSU in this work plan. However, as discussed above in Subsection 2.2.3, analytical chemistry results from 
this well may not be representative of the lower HSU groundwater chemistry since it is screened in 

validated results (Table 2-6). 
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weathered subcropping sandstone at relatively shallow depth (19 to 24 feet). This well may be hydrologically 
connected to the upper HSU. 

Carbon Tetrachloride 

Based on unvalidated data, carbon tetrachloride (CCl,) was found as a dissolved constituent in groundwater 
from four wells in the upper HSU: 1587, 1287BR, 2587BR, and W7BR (Table 2-6). The dissolved 
contaminant plume in the upper HSU was defined in the Phase I1 Alluvial Work Plan and is shown in 
Figure 2-21. The highest values found in the upper HSU were in 1587 (4305 pg/l) and 3687BR (3673 pg/l). 
Both are located to the east of the 903 Pad Area. Wells 2587BR and 3687BR are screened at deeper 
intervals in the upper HSU (18 to 44 feet and 19 to 63 feet, respectively) in the Arapahoe Formation 
Sandstone No. 1. 

With the exception of Well 1487BR, which may be hydrologidy connected to the upper HSU, CCl, was 
generally not found in lower-HSU wells. However, an estimated value of 1 ppb was recorded for bedrock 
Well 2387BR, located at the south-central portion of the Mound Area, in August 1989. This value is well 
below the method detection limit and is an isolated incident that when validated may receive additional 
qualifiers or may result in a different inter 

Tetrachloroethylene (PCE) 

The Phase I RI indicates the 
plume of PCE in the upper 
northeast from the Mound 

ea appears to be a source of PCE contamination (Figure 2-22). A 

aximum concentrations greater than 100 pg/l extends east and 

PCE was detected in Well 7BR during the first (3 pg/l(J)) and third (1 pg/l(J)) quarters of 19S9, 
although the concentra*ions were considerably lower than in wells toward the east end of the Mound Area. 
The detected values are below the method detection limit for PCE and should be considered suspect since 
the results are unvalidated. This well is screened in Arapahoe Formation Sandstone No. 1. 

PCE (140 pg/1) was also n in Well 2087BR, which is located at the east end of IHSS 113 and in well 
1887BR (16 pgfl), located at the southeast corner of Mound Area. The screened depth interval for Well 
2087BR is from 107 to 116 feet, which is in the Arapahoe Formation Sandstone No. 3, and the screened 
depth interval for Well 1887BR is from 127 to 134 feet, which is in the Arapahoe Formation Sandstone No. 
4. This finding may suggest that some vertical migration has occurred, or that the well annulus is not well- 
sealed. Alternatively, it could indicate lateral migration of contamination from an upgradient source. 
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Trichloroethvlene (TCE1 

The distribution of TCE shown in the Alluvial Work Plan (Figure 2-23) indicates concentrations ranging up 
to 200,000 pg/1 (Table 2-6) in wells screened in the upper HSU. Significant concentrations of TCE were 
measured in upper-HSU Wells 1587,1287BR, 2587BR, and 3687BR, with 3687BR having concentrations of 

49000, 12000, and 18OOO pg/l over the first, third, and fourth quarter sampling events of 1989, respectively. 
In the lower HSU(s), isolated occurrences of TCE have been documented in 4086 BR and 3487BR, both 
screened at depths of approximately 100 feet in unweathered claystone (18 pg/l and 3pg/l (J), 1pg/l (J), 
respectively). However, it should be noted that these values are near or below the method detection limit 
and the results are unvalidated. Validation of these results add result in qualification of the data as non- 
detects. As with CCl,, TCE has been detected in Well 1487BR, which may by hydrologically connected to 
the upper HSU. 

Other Volatile Owanic ComDounds 

Other volatile organic contaminants reported in groundwater samples from the deeper bedrock were toluene, 
chloroform, acetone, methylene chloride, and carbon disulfide. Toluene was found in Wells 4086,3487BR, 
1887BR and 4587BR. All values were low the blanks as well. The highest value 5 pg/l 
(B,A) was from Well 1887BR (Table 2-6). , and methylene chloride were present in 
many of the wells. All three of these compounds are on laboratory contaminants and many of the 
reported values were near or bel he analytical detection limits and many of the laboratory blanks also 
contained these compounds. Car disulfide was detected only in Well 4587BR. Validation of these data 
may well result in qualification of most of these values as non-detects. Validation of existing data and 
additional sampling are necded to her or not these compounds are present in the bedrock. 
None of the other organic c rted in the upper HSU were detected in the deeper bedrock. 

2 .232  Radionuclides 

The radionudide data were nd not to have been validated and, therefore, should be used only to guide 
the placement of additional ling locations. The interpretation of the radionuclide results was conducted 
in the same manner as they in the Phase I1 Alluvial Work Plan. In general, data from the nine lower- 
HSU wells with data indicate radionuclides do not exceed reported background levels. In a few cases where 
background levels appear to be exceeded, the error terms associated with the reported values are near the 
reported values and it is therefore uncertain whether or not background levels were actually exceeded. 
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Results from Well 2387BR were the most elevated for plutonium-239,240 (0.07f0.05 pCi/l), and from Well 
2287BR for americium-241 (0.11 kO.08 pCi/l) (Table 2-7). These are bedrock wells; however, the top of the 
screen in Well 6286 is only 3 feet below the bedrock surface. Strontium439 and -90 were detected in Wells 
4587 BR (0.60f0.52 pCi/l) and 6286 (3.0f0.4 pCi/l). Radium was also detected in 4587 BR during the 
second quarter of 1989. Radium was not detected in previous or subsequent samples. Cesium-137 was 
reported in only six of the samples from lower-HSU wells, with the highest level being 0.3f0.5 pCi/l (Well 
6286). The values for plutonium-239 and -240 and cesium-137 have error terms greater than the analytical 
value and should be considered as not exceeding background. The error terms for the other radionuclides 
listed above are also nearly as large as the reported concentrations; therefore, the significance of those 
reported concentrations is also questionable. 

Well 4587BR, located southwest of the 903 Pad Area, consistently had gross beta values above background 
(Table 2-7) with the highest being 113&13pCi/l. This well is screened at depths of 90-101 feet in the 
Arapahoe Formation Sandstone No. 5. Wells 18873R and R, in the vicinity of the Mound Area, each 
had a single gross beta value above background. 

Values above background were found in 
pCi/l to 28+2 pCi/l. The screen inte 
the top of the screen only 1.5 feet below the b 

287BR for uranium-238. These values ranged from 18.9k3.1 
t depths 5-11 feet in weathered claystone, with 

To summarize, the extent of radionuclides in the bedrock is not well defined. However, elevated gross beta 
values appear to occur Well 45878R, which is screened in the Arapahoe Sandstone Formation No. 5. 

The majority of the dissolved inorganic elements data (Tables 2-8A, B, and C) that had been validated were 
d o n  limits. Unvalidated data indicate metal concentrations exceeding background levels 

nit 2 include barium, copper, nickel, manganese and zinc. 

Within Operable 
the 903 Fad Area. Silver, 
chromium were at their maximum values (see Table 2-8) in wells associated with the 903 Pad. 

In general, elevated metal concentrations were not detected in bedrock wells. Well 6286BR, which is 
screened at depths 25 to 35 feet in the Arapahoe Formation Sandstone No. 3, had the highest values for 
mercury, cadmium, and selenium: O.OOO8 mg/l, 0.009 mg/l, and 0.0710 mg/l, respectively. However, the top 
of the screen in this well is only 3 feet below the bedrock surface, and may therefore be hydraulically 
connected to the upper HSU. All values were unvalidated except for two selenium values, 0.0616 mg/l and 
0.0565 mg/L, which have been validated (Table 2-8C). 

with the highest concentrations of dissolved inorganic elements were in 
ony, arsenic, barium, mercury, cadmium, selenium, beryllium, lead, and 
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Within Operable Unit 2, samples from wells in the East Trenches Area had the highest reported values for 
iron, lithium, molybdenum, and manganese. 

2.23.4 Maior Ions 

Background data (Table 2-9) indicate that the lower sandstones have higher concentrations of sulfates, 
chloride and TDS than were found in groundwater in the upper HSU. The data from the monitoring wells 
screened in the bedrock in Operable Unit 2 generally show the reverse of this trend. Major ions tend to 
be more elevated in shallow wells than in deeper wells. The significance of this trend will be more fully 
explored during this Phase I1 RFI/RI. 

2.2.4 Bedrock 

Analytical chemistry testing was conducted on samples of the bedrock collected during the Phase I RI. Data 
reported here are from boreholes drilled into the bedrock with samples collected at or below the 
alluvial/bedrock interface. Borehole summary information is shown in Table 2-1. 

The majority of metal concentrations in 
(Rockwell International 1989e) for thos 
sample from BH2587 contained 20 mg/kg arseni 
values reported for these s 

The only borehole with vol pounds reported at or below the alluvial/bedrock interface was 
BH 2587 located at the ch T-2 Site (IHSS 109) (Table 2-10). The sample collected at 
the 19.7-20.5 foot interval methylene chloride, acetone, TCE, PCE, 2-butanone and l , l , l-  
trichloroethane (TCA). The depths above the 19.7-20.5-ft interval also showed higher concentration of these 
compounds as well as ethyl benzene, 4-methyl 2-pentanone, xylene, and chloroform. The alluvium/bedrock 
contact was at dep 

Low levels of methylene c 
boreholes. However, thes 
frequently found in laboratory blanks. 

Semi-volatile organic compounds were observed in a number of boreholes (Table 2-11). While most 
phthalate compounds are laboratory contaminants, one borehole (BH 3387), had a validated concentration 
of 240 ppb, which is high for laboratory contamination. This borehole is located near the Mound Oil Burn 
Pit and trench T-1 sites. 

were below either the reported background 
analytical method detection limits. A single 

ackground level of 15 mg/kg. No radionuclide 
ere above the background levels. 

.8 feet in this borehole. 

e, acetone, and chloroform were found in numerous samples from many 
ounds are common laboratory contaminants. These compounds are also 
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There is not adequate information from existing soil data to determine if the deeper bedrock is contaminated 
with organic compounds. 

23 CONCEPTUAL MODEL 

A site conceptual model was developed to illustrate how contamination may be dispersed to the environment 
via potential pathways identified in the Phase I RI report and during Phase I1 RFI/RI planning. The 
conceptual model is shown graphically in Figure 2-24. The interrelationships between the upper and lower 
hydrostratigraphic units (HSUs), and between Operable Unit 2 and adjacent operable units are depicted in 
this figure. 

This conceptual model was used to assist in identifying sampling needs and will be further used for the 
baseline risk assessment. Additional data will be obtained to refine risk assessment calculations and to 
conduct the Feasibility Study (FS). 

23.1 Bedrock Contamination Sources 

Potential sources of contamination in b ded into 3 general categories: (1) plumes of 

dissolved (aqueous phase) contaminants pools or pockets of non-aqueous phase liquid 
contaminants near the bottom of t (3) unidentified off-site sources located 
topographically and/or hydra 

At present, the primary contarnin 
and tetrachloroethylene (PCE). 
(CCI,) dissolved in groundwater w 
and semivolatile organics and 

ntified in the bedrock are aqueous-phase trichloroethylene (TCE) 
ic contaminants and carbon tetrachloride 
U during the Phase I RI. Other volatile 

ed in the upper HSU, but, for the most part, 
tile organic contaminants are all able to exist 

concentration of saturation in water. In 
the unlikely event they are present on site, pools of dense non-aqueous phase liquids could accumulate in 
depressions at the bottom upper HSU. However, of the many monitoring wells and boreholes that 
have been drilled at Rocky there have never been reports of non-aqueous phase liquids found in wells. 

It is not known if there are potential sources of bedrock contamination that are located upgradient of 
Operable Unit 2. The bedrock beneath Operable Unit 1 (881 Hillside) has not been characterized 
sufficiently to determine whether or not it is a potential source of contamination that may contribute to the 
bedrock system in Operable Unit 2. 
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232 Release Mechanisms 

There is a potential for contaminants in the upper HSU to have impacted the bedrock system. There are 
six pre-1986 monitoring wells that have been identified in Operable Unit 2. These wells (Well Nos. 171,271, 
174, 374, 774, and 2274) were constructed in 1971 and 1974. Design details of these wells are not available 
other than estimates of total depth. The first five of these six wells range from approximately 24 to 50 feet 
in depth. However, Well 2274 is 162 feet deep and may penetrate lower sandstone layers. These wells 
represent potential release mechanisms from the upper HSU to lower HSU(s), either by long screened 
intervals or ineffective seals. 

Contaminated groundwater in the upper HSU may also potentially enter loww sandstones where they 
subcrop beneath the colluvium on the valley side slopes (see Figure 2-24). This may be the situation at Well 
1487BR. Another potential mechanism of release into bedrock is by percolation through fractures in the 
weathered and unweathered claystone bedrock downward to a lower sandstone layer, if such fractures exist. 
This release mechanism is judged to have a low probab2ity at this time as a result of the low hydraulic 
conductivity values reported in the unweathered claystone units. 

2 3 3  Potential Exposure Pathways 

The primary potential pathways for migration of con inants through groundwater flow in bedrock to 
potential receptors are by seepage to surface waters, pumping from water supply wells that tap the affected 
groundwater downgradient of the site, and contamination of surface water by the interaction of surface water 
and groundwater. Secondary xposure pathways may occur through wind dispersal of contaminated 
dust or soil gas resulting fro minated groundwater and subsequent drying at outcrop 

23.5 Receptors 

There may be different potential receptor populations exposed via each of the potential exposure pathways 
described above. For each pathway, there are three potential intake routes: ingestion, inhalation, and dermal 
contact. Potential recept f groundwater contamination are human. Biota may be present at, 
downgradient or downwin 

23.5 Summary 

The elements of the site conceptual model described above are shown in Figure 2-24. This figure depicts 
the potential sources of contamination, mechanisms of contaminant release, exposure pathways, and primary 
receptors. The model as pictured is based on an evaluation of available Phase I RFI/RI data and postulated 
exposure pathways not yet proven. A s  additional information is obtained, the overall model and specific 
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portions of the model (for example, the confined groundwater flow regime) may be refined or expanded to 
address risk assessment issues. 

The Baseline Risk Assessment for both upper and lower HSUs will be combined for the RI Report. The 
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3 .O 
APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 

This section provides a preliminary identification of chemical-specific app le or relevant and appropriate 
requirements (ARARs) for weathered bedrock groundwater at Ope Unit 2 so that appropriate 
analytical detection limits are used during the RFI/RI (RI) to evaluate compliance with these AR4Rs. The 
CMS/FS (FS) report will fully address chemical-specific ARARs as well as action- and location-specific 
ARARs in the development and evaluation of remedial alternatives. 

3.1 THE ARAR BASIS 

The basis for ARARs is cited in Section 121(d) of CERCLA, as amended by the Superfund Amendments 
and Reauthorization Act of 1986 (SARA), which requires that Fund-financed, enforcement, and federal 
facility remedial actions comply with applicable or relevant and appropriate federal laws or promulgated state 
laws, whichever is more stringent. For the purposes of identification and notification of promulgated state 
standards, the term "promulgated means ds are of general applicability and are legally 
enforceable (NCP, 40 CFR 300.4OO(g)(4)). 

Health-based, chemical-specific ARARs pertinent to ground-water quality have been identified for the EPA 
Contract Laboratory Program (CLP) Toxic Compound List (TCL) organic and Toxic Analyte List (TAL) 
inorganic compounds, as we8 as radi conventional pollutants that were detected. The chemical- 
specific ARARs are derived pr eral and state health and environmental statutes and 
regulations. As discussed below, in som s these standards are classified as items "to be considered 
(TBC). A summary of chemical for the contaminants found at the 903 Pad, Mound and 
East Trenches areas is presented in Table 3-1. 

This work plan describes only the investigative requirements relative to bedrock groundwater in Operable 
Unit 2. The parameters for which proposed ARARs are identified within this work are compiled from 
maximum concentrations above detection limits in bedrock groundwater wells within Operable Unit 2. 
However, the same application of ARARs pertain to both the upper and lower hydrostratigraphic units 
(alluvial and bedrock groundwater) due to the potential cross-connection of the two units. A common l i t  
of parameters will be analyzed for both hydrostratigraphic units (see Section 8.0, Field Sampling Plan). 
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3 2  THE ARAR PROCESS 

32.1 ARARs 

"Applicable requirements," as defined in 40 CFR 300.5, are "those clean andards, standards of control, 
and other substantive requirements, criteria, or limitations promulgated u federal environmental or state 
environmental or facility siting laws that specifically address a hazardous substance, pollutant, contaminant, 
remedial action, location, or other circumstance found at a CERCLA site. Only those state standards that 
are identified by a state in a timely manner and that are more stringent than federal requirements may be 
applicable." "Relevant and appropriate requirements," also defined in 40 CFR 300.5, are "those cleanup 
standards, standards of control, and other substantive r ements, criteria, or limitations promulgated 
under federal environmental or state environmental or siting laws, that, while not "applicable" to a 
hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA 
site, address problems or situations sufficiently similar to thQse encountered at the CERCLA site that their 
use is well suited to the particular site. Only those state standards that are identified in a timely manner 
and are more stringent than federal requirements may be relevant and appropriate." The most stringent 
promulgated standards are applied as 

3 2 2  TBCs 

(Preamble to NCP, 55 FR 8741). 

In addition to applicable or nd appropriate requirements, advisories, criteria, or guidance may be 
identified to be considered ( r a particular release. As defined in 40 CFR 300.400(g)(3), the TBC 
category consists of advisories, criteria, or guidance developed by EPA, other federal agencies, or states that 
may be useful in developing remedi s is discretionary rather than mandatory, as is the case 
with applicable or relevant and appr 

3 2 3  ARAR Categories 

In general, there are three categories of ARARs. These categories are: 

1. mical-specific requirements 

2. Location-specific requirements 

3. Performance, design, or other action-specific requirements 

ARARs are generally considered to be dynamic in nature in that they evolve from general to very specific 
in the CERCLA site cleanup process. Initially, during the RI work plan stage, probable chemical-specific 
ARARs may be identified, usually based on a limited amount of data. Chemical-specific ARARs at this 
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point have meaning only in that they may be used to ensure appropriate detection limits have been 
established so that data collected in the RI will be amenable for comparison to ARAR standards. It is also 
appropriate to identify location-specific ARARs early in the RI process so that information may be gathered 
to determine if restrictions may be placed on the concentration of hazardous substances or on the conduct 
of an activity solely because it occurs in a special location. 

Chemical-specific AR4Rs do not currently exist for soils. As the remedial investigation proceeds, 
information will become available from the risk assessment which will allow a determination of acceptable 
contaminant concentrations in soils to ensure environmental "protectiveness." 

3.2.4 Feasibility Study ARAR Requirements 

Development of a preliminary list of potential chemical-specific ARARs in the RI process also allows the 
establishment of a list of preliminary remediation goals in the early FS process, which is essentially a 
tentative listing of contaminants together with initially anticipated cleanup concentrations or risk levels for 
each medium. Preliminary remediation goals serve to €ocus the development of alternatives on remedial 
technologies that can achieve the rem tion goals, thereby limiting the number of alternatives to be 
considered in the detailed remedial alternative ana ucted later in the FS process. As more 
information becomes available during the RI stage, cific ARARS may become more refined as 
constituents are added or deleted, which is often the RI takes place in numerous phases. 
Once data collection is co ical-specific ARAR selection may be proposed. 

When the data collection 
affect the development of remedial 

beginning of the FS process, a pre 
remedial alternatives are 
analysis of the remedial 
respect to each alterna 
in the FS report for e 

33 REMEDIAL ACTION 

appropriate to refine location-specific ARARs which may 
tives, During development of remedial action alternatives at the 

nsideration of action-specific AR4Rs will be conducted. As 

, action-specific ARARs will be identified. When a detailed 
d, all action-specific ARARs are refined and finalized with 
f alternatives begins. At this point, a discussion is provided 
garding the rationale for all ARAR determinations. 

CERCLA 9121 specifically requires attainment of all ARARs. Moreover, as explained in the preamble to 
the National Contingency Plan (NCP) (55 8741), in order to attain all ARARs, a remedial action must 
comply with the most stringent requirement, which then ensures attainment of all other ARARs. 
Furthermore, CERCLA requires that the remedies selected attain ARARs and be protective of human 
health and the environment. Consequently, preliminary remediation goals based on ARARs will require 
modification as new information and data are collected in the RI, including the baseline risk assessment (to 
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be conducted), when AR4Rs are not available or are determined to be inadequate for protection of human 
health and the environment. 

33.1 Remediation Goals 

Development of remediation goals is actually a portion of the overall development of remedial action 
objectives, which ultimately will define the required endpoint of the selected remedial action. As stated in 
the preamble to the NCP (55 87l3), "remedial action objectives are the more general description of what 
the remedial action will accomplish. Remediation goals are a subset oE remedial action objectives and 
consist of medium-specific or operable unit-specific chemical concentrations that are protective of human 
health and the environment and serve as goals for the remedial action. The remedial action objectives ... 
should specify: (1) the contaminants of concern, (2) exposure routes and receptors, and (3) an acceptable 
contaminant level or range of levels for each exposure medium (i.e., a preliminary remediation goals)." 
According to 40 CFR 300.430 (e)(2)(i), "Remediation goals shall establish acceptable exposure levels that 
are protective of human health and the environment and shali be developed by considering the following": 

(A) AR4Rs (chemical-specific) and 

(1) Acceptable expos ic toxicants, 
(2) Acceptable expos or suspected carcinogens, 

limitations (e.g., detection limits), 

(B) Maximum Contam als (MCLGs) (or Maximum Contaminant Levels -- MCLs 
-- where MCLCis are zero or where MCLGs are not relevant and appropriate), where 

and appropriate. 

(C) Acceptable sure levels where multiple contaminants or multiple exposure pathways will 
t ARAR levels will result in cumulative risk in excess of lo4. 

(D) Clean Water Act (CWA) Water Quality Criteria, where relevant and appropriate. 

(E) A CERCLA Alternative Concentration Limit (ACL) established pursuant to CERCLA 9 
121( d) (2) (B) (ii) . 

(F) Environmental evaluations, performed to assess specific threats to the environment. 
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Once a remedial action alternative is formally selected, all chemical-, location-, and action-specific ARARs 

have also been defined in final form. If it is found that the most suitable remedial alternative does not meet 
an ARAR, the NCP, at 40 CFR 300.430 (f)(l)(i)(C), provides for waivers of ARARs under certain 
circumstances, such as technical impracticability, risk, or inconsistent application of state requirements. 
From this point, the alternative will become the final remedy as it is incorporated into the Record of 
Decision (ROD). Once the final ROD has been signed, requirements may be modified only when they are 
determined to be applicable or relevant and appropriate and necessary to ensure that the remedy is 
protective of human health and the environment (40 CFR 300.43O(f)(l)(%)). 

3.4 OPERABLE UNIT 2 BEDROCK GROUNDWATER ARARs 

The ARARs for bedrock groundwater listed in Table 3-1 were developed using the ARARs rationale 
described above and were identified by examining the following promulgated standards: 

0 Safe Drinking Water Act (SDWA) MCLs 

0 RCR4 Subpart F conc 

3.4.1 Safe Drinking Water Act MCLs 

The NCP [55 FR 8848; 40 .430 (e)] requires that, in development of alternatives for final 
remediation, the following be d for current or potential sources of drinkiig water: attainment of 

MCLGs or MCLs, if MCLGs attainment of Clean Water Act (CWA) Ambient Water Quality 
Criteria (AWQC) where opriak, Because groundwater at Operable Unit 2 is a potential 
source of drinking water, ) should be attained. The AWQC are not ARARs and are 
not considered with respect to groundwater, since they are intended for the protection of surface water 

ter or only fah ingestion. Therefore, it is inappropriate to apply 

3.42 RCRA Groundwater Protection Standards 

Owners or operators of facilities that treat, store, or dispose of hazardous waste must ensure that hazardous 
constituents listed in 6 CCR (Colorado Code of Regulations) 1007-3 and 40 CFR 261, Appendiv VI11 
entering the groundwater from a regulated unit do not exceed concentration limits (6 CCR 1007-3 and 40 

CFR 264.94) at the point of compliance in the uppermost aquifer. The concentration limits include 
standards for 14 compounds (these standards are equivalent to SDWA MCLs and are identified at 40 CFR 
264.94, Table l), with background or alternate concentration limits (ACLs) used as the standard for the 
other RCRA Appendix VIII (40 CFR Part 261) constituents or Appendix IX (40 CFR Part 264) constituents 
(TBC background groundwater values for RCRA Subpart F are applied using maximum concentrations from 0 
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background groundwater in both the alluvial and bedrock units at RFP). These concentration limits apply 
to RCRA-regulated units subject to permitting/closure (landfills, surface impoundments, waste piles, and 
land treatment units) that received RCRA hazardous waste after July 26, 1982. As a result, these RCRA 
Subpart F (40 CFR Part 264) regulations are considered relevant and appropriate for groundwater 
remediation. 

3.43 RCRA Alternate Concentration Limits 

As discussed above, RCRA (40 CFR Part 264) Subpart F requires that corrective actions be taken if 
hazardous constituents are found to exist at the point of compliance in excess of the established constituent 
concentrations. Although these constituent concentrations are specifically comprised of RCRA Subpart F, 
Table 1 constituents, Appendix VI11 (40 CFR Part 261), or Appendix IX (40 CFR Part 264) constituent 
background values, Subpart F does provide a mechanism for variances from these standards. According to 
40 CFR 264.94(b), an ACL may be established for a hazardaus constituent if it is determined that attainment 
of a RCR4 Subpart F, Table 1 constituent standard or background standard is not necessary to ensure 
adequate protection of human health and the environment. Furthermore, EPA has stated that for potential 
drinking water sources, the Agency's prefer et remediation levels that are the equivalent of health- 
based ACLs under RCRA (55FR 8666). propriate to establish background as an 
ARAR unless it may be determined through attainment of background is necessary for 
adequate protection of human health and the environment. Accordingly, hazardous constituent background 
values will be applied as T k assessment information indicates some other alternative 
standard is necessary to ternatively, when a standard listed in 40 CFR 264.94, 
Table 1 has been estab e Table 1 standard is considered to be relevant and 
appropriate. Table 3-1, however, CLs rather than RCRA 40 CFR 264.94 Table 1 
standards, since the RC 

3.4.4 Colorado oundwater Standards 

a subset of all the SDWA MCLs. 

The Colorado Water CC) state-wide groundwater standards are applied 
ce groundwater at Rocky Flats Plant has not been 

classified, the use-specific standards in Tables 1-4 of the WQCC Basic Standards for Groundwater at 3.11.0 
(5 CCR 1002-8) will also be applied as TBC where ARARs are not available. 

Of the elements/compounds detected in groundwater at Operable Unit 2, there are no ARARs for calcium, 
magnesium, molybdenum, potassium, sodium, bicarbonate, strontium, acetone, methylene chloride, and 
carbon disulfide. However, the Total Dissolved Solids (TDS) TBC establishes the acceptable aggregate 
concentration for the above major metal ions (excluding strontium). For the volatile organic compounds, 
the RCR4 (40 CFR Part 264) Subpart F standard of background (detection limit) is applied as TBC. 
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3.45 Operable Unit 2 ARARs Summary 

Table 3-1 shows that certain volatile organics, metals, and major ions that were analyzed have exceeded 
potential chemical-specific ARARs at some locations within Operable Unit 2. This does not indicate that 
releases of these constituents are occurring, for the concentrations of some substances may be due to a past 
release or to natural geochemical processes. The listing of Table31 has been presented to identify 
parameters for which analysis should be conducted in Phase I1 and to identify the minimum acceptable 
detection limits for analytes found in Operable Unit 2 bedrock groundwater. The FS will evaluate 
technologies that address these constituents. 

Note that chemical data from monitoring wells 6286 and 1487BR are included in both the alluvial and 
bedrock work plans for A I W R s  identification. Well 6286 is considered to be in the upper hydrostratigraphic 
unit (HSU) while Well 1487BR is a lower-HSU well based on the HSU delineation shown in Figure 1-1. 
However, both of these wells are relatively shallow wells screened in lower intervals of weathered sandstone 
that subcrop on the hillside south and southeast of the 903 Pad. As a result, these wells represent a 
potential cross connection between the upper and lower HSUs, as described in the site conceptual model 
(Figure 2-24). 
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4.0 

DATA NEEDS AND DATA QUALITY OBJECTIVES (DQOs) 

The primary objective of  a RFI/RI is to collect the data necessary to determine the nature, distribution, and 

migration pathways of contaminants. This information is used to support a baseline risk assessment which 
determines the need for remediation and evaluates risks associated with various remedial alternatives. Five 
general goals of a RFIlRI are (EPA 1988a): 

Characterize site physical features 
Define contaminant sources 

Determine the nature and extent of contamination 

Describe contaiiunant fate and transport 

Pro\ride a baseline risk assessment 

This section of the RFURI workplan summarizes the site c tual model developed in Section 2.0and 
identifies data needs and use of data to meet the outlined objectives. 

4.1 SITE SPECIFIC RFI/RI DQO PROC 

Through application of the data quality objectives (DQOs) process, site-specific RFIiRI DQOs are 

estahlished, and data needs denti tied for achieving identified goals. DQOs are qualitative and 

qiiaiititative statements that d the quality and quantity of data required by the RFI/RI (EPA 1987). 
These determination are. facilitated througk ihe development of DQOs. 

DQOs are developed using the following three-stage process: 

- develop conceptual model 
- specify objectives/decisions 
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STAGE 2 - Identify data uses and needs 

- identify data uses 
- identify data types 
- identify data quality needs 
- identify data quantity needs 
- evaluate samplinglanal ysis options 
- review PARCC parameters 

STAGE 3 - Design data collection program 

- assemble data collection components 
- develop data collection documentation 

The three stages are implemented for each phase of the RFI/RI. The DQO stages are undertaken in an  

interactive and iterative manner whereby all the elements of the DQO process are continually being reviewed 

and applied during the execution of the dat ivities. Throughout the RFI/RI, these stages occur 

in  a natural progression and flow together e delineation. It may not be possible to 
identify all data needs during the RFI/RI activity. Data needs willbecome more apparent as additional data 
are obtained and evaluated. 

4.7 SUMMARY OF EXIST1 DATA AND CONCEPTUAL M O D E L  

The existing data have been evaluated an the following tentative conclusions: 

dwater in the upper hydrostratigraphic unit (HSU) contains volatile organic 

olatile organic compounds present as dissolved constituents are 
hloroethylene (TCE) and carbon tetrachloride (CCL,). Although 
trations of  these dissolved contaminants have been delineated, 

has not been determined. Although non-aqueous phases of 
volatile organic contaminants have not been identified in the subsurface in the past, considering 

the reported volumes of contaminants that may have been spilled or leaked onto the site, there 
appears to be a potential for dense, non-aqueous phase liquids to be present in localized 
depressions in the relatively permeable portions of the upper HSU and in weathered or fractured 

claystone at the bottom of the uppermost unconfined aquifer. 

Relatively low concentrations of volatile organic compounds have been detected in smples  of 

ground\vater from four w~ells screened in the unweathered claystone and lower sandstone 
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bedrock. These four wells are 1887BR, 2087BR 3487BR, and 4086BR. For the most part, these 
data have not been validated. There is a potential for contaminated groundwater in the 
unconfined groundwater flow system to enter lower sandstones where they subcrop beneath 
relatively shallow colluvium south and southeast of the 903 Pad area. Wells constructed prior 
to 1986 may also represent a potential pathway of contamination from the upper HSU to the 
lower HSU(s). 

The predominant component of the groundwater hydraulic gradient in the bedrock is potentially 

downward. The horizontal component of the hydraulic gradient appears to be generally toward 
the east. However, in general, the bedrock groundwater flow regime is not well understood and 
- gradients in the deeper sandstones are not known. At present, i t  is believed that the majority 
of bedrock groundwater flow occurs laterally in the lower sandstones. The low hydraulic 
conductivity of the clayst6ne impedes the downward flow of groundwater. 

Considering the proximity of Operable U 881 Hillside) and its location to the west of the 
903 area, there appears to be a potential for contamination from topographically or hydraulically 
upgradient sources to be prese wer sandstones beneath the 881 Hillside site may be 

upgradient of lower sandstones 

4.3 SITE-SPECIFIC PHASE I1 RFI/RI (BEDROCK) OBJECTIVES AND DATA NEEDS 

This section of the Phase If 
achieving identified goals. Ba 
objectives and data needs associated w 

and extent o f  contamination 
obtaining thz required data are presented in the Field Sampling Plan, Section 8.0. 

ck RFI/RI Work Plan establishes the ob-jectives and data needs for 

a and on the site conceptual model, site-specific RFI/RI 
ing potential sources of bedrock contamination and nature 
shown in Table 4-1. The specific plans and rationale for 

Data of a quality tives specified in Table 4-1 will be collected in accordance to the 

Rocky Flats Plant Environmental Restoration (ER) Program Standard Operating Procedures (SOPS) and 

through adherence to the R y Flats Plant ER site-wide Quality Assurance Project Plant (QAPjP). 
Cheinical analyses will be pe ed in accordance with General Radiochemistry and Routine Analytical 
Services Protocol (GRRASP) (EG&G 19900. 

Analytical methods with detection limits below or near potential chemical-specific ARARs (see Section 3.0) 
will be used to facilitate comparisons of resulting data to potential ARARs. Table 4-2 summarizes the 
required analytical levels referenced in Table 4-1. 
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TABLE 4-2 

SUMMARY OF ANALYTICAL LEVELS 

Required Analytical Level Task 

Level I (Field Screens) 

Level 11 (Field Analyses) 

Water level measurement 
pH measurement 
Eh measurement 
Screening €or organics (OVAJHNu) 
Screening for radionuclides (beta-gamma) 
Temperature 
Specific conductance 
Screening for buried objects (magnetometer, pipe 
locator) 

(gross beta/gross alpha 

alysis of engineering properties 

Level 111 (Laboratory Analyses using 0 

EPA Standard Methods) 

Level IV (Laboratory Analyses using 
EPA CLP Methods) 

Level V (Nonstandard Analyses) Radiological analyses 

Inorganics analysis 

Analysis of Target Compound List (TCL) and 
Target Analyte List (TAL) 

Chemical analyses requiring modification of 
standard methods 
Special Analytical Services (SAS) ' 

Source: EPA (19 

Note: Specific methods described in SOPS and/or QAA. 
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5.0 
REMEDIAL INVESTIG.4TION TASKS 

The following is a list of tasks to be accomplished during the RFI/RI for Operable Unit 2. Each task as 
discussed in detail in the Phase I1 Bedrock RFI/RI Work Plan will be coordinated with the corresponding 

task in the Phase I1 RFI/RI Alluvial Work Plan. 

5.1 TASK 1 - PROJECT PLANNING 

The project planning task includes all efforts required to initiate both the alluvial and bedrock components 
of this Phase I1 RFIiRI of Operable Unit 2. Activities undertaken for this project have included a review 
of the Phase I RI results as well as other previous investigation results, review of historical aerial 
photography, preliminary evaluation of ARARs, and scoping of the Phase I1 RI. Results of these activities 
are presented in the alluvial work plan (EG&G 1990~): and in Sections 1.0 (Introduction) and 2.0 (Site 
Characterization). 

During the Phase I RI, a complex deposi gnized in the bedrock beneath the 903 Pad, 
hlound, and East Trenches areas. orates the results of on-going geologic 

characterization efforts (EG&G 1990a and 194Qb) intended fo define the location, extent, and orientation 

of bedrock sandstone units, and outlines further work to refine the site bedrock geologic model. The 
geologic characterization has combined with analytical chemistry data obtained during Phase 1 to 

develop a model of the nahire and ext 

Two project planning documents, including this Work Plan, have been prepared which pertain to this Phase 

I1 RI as required by the draft Inter-Agency Agreement (IAG) between DOE, EPA, and CDH. This Work 
Plan presents results of the project planning task in addition to plans for the Phase IT RFI/RI. A Field 

Sampling Plan (FSP ncluded in this document presents the locations, media, and frequency of sampling 

efforts. The second docuine required by the TAG is a Sampling and Analysis Plan (SAP). Included in the 

SAP are a Quality Assuranc rqect Plan (QAPiP) and Standard Operating Procedures (SOPS) for all field 
activities. 

5.2 TASK 2 - COMMUNITY RELATIONS 

In accordance with the draft IAG, the Communications Department at Rocky Flats is developing a Plant- 

wide Community Relations Plan (CRP) to actively involve the public in the decision-making process as i t  

relates to environmental restoration activities. A Draft Community Relations Survey Plan has been 

completed and forwarded to EPA, CDH, and the public for review. This Phase I1 RFJ/RI work plan 
specifies activities planned to complete the Plant-wide CRP, including plans for community interviews. The 
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draft CRP will be completed in September 1990 in accordance with the draft IAG schedules. Accordingly, 
a site-specific CRP is not required for Operable Unit 2. 

The Communications Department also is continuing other public information efforts to keep the public 

informed of environmental restoration activities and other issues which relate to Plant operations. A 
Speakers Bureau program sends speakers to civic groups and educational organizations, while a public tour 

program allows the public to visit Rocky Flats. Road tours of areas such as the 903 Pad, Mound, and East 

Trenches areas are common during public tours, as well as other tours arranged for public officials. An 
Outreach Program also is in place according to which Plant officials will visit elected officials, the news 
media, and business and civic organizations to further discuss issues related to Rocky Flats and 
environmental restoration activities. The Communications Department also receives numerous piiblic 

inquiries, which are answered through telephone conversation or by sending written informational materials 
to the requestor. 

5.3 TASK 3 - FIELD INVESTIGATION 

The Phase I1 RFI/RI (Bedrock) field investigation is designed to me 
The following activities will be perform s part of the field inves 

the objectives outlined in Section 4.0. 

Drill and sample soils and bedrock and c hnical and geochemical laboratory testing 
on samples to further characterize the potential contaminants that may be present within the pore 
spaces in bedrock o t may be present as separate phase immiscible liquids. 

Drill and log borings and i nitoring wells to further characterize the distribution of aquifer 

and aquitard zoaes within the 
used to assist in determining 

Field volatile organic screening by GC methods will be 

hydrauiic conductivity testing in borings and wells to further characterize the 
hydraulic connection between surficial materials and bedrock and to further characterize 
groundwater flow rat 

Collect water level measurements in the monitoring wells to further characterize hydraulic 
gradients that wilf be used to evaluate groundwater flow directions. 

Collect and analyze groundwater samples from monitoring wells to characterize the nature and 
extent of bedrock groundwater contamination. 

Sample locations, frequency, and analyses are presented in Section 8.0. All field activities will be performed 
i n  accordance with the Rocky Flats Plant ER Program SOP. 
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5.1 TASK 4 - SAMPLE ANALYSIS AND DATA VALIDATION 

Analytical methods for chemical analyses are provided in the ER Program Quality Assurance Project Plan 

(QAPjP). Also provided in this document are the analytical detection limits, sample container and volume 
requirements, preservation requirements, and sample holding times. Project specific requirements are 

included in the Quality Assurance Addendum, Section 9.0of this Work Plan. 

Data will be reviewed and validated by the ER Program staff. Results of data review and validation activities 
will be documented in data validation reports. EPA data val ctional guidelines will be used for 

validating organic and inorganic (metals) data (EPA 198%). ation methods for radiochemistry and 
ma,jor ions data have not been published by the EPA; however, data and documentation requirements have 

been developed by ER Program QA staff. Data validafion methods for these data are derived from these 
requirements. Details of the data validation process are described in the QAPjP. 

5.5 TASK 5 DATA EVALUATION 

Data collected during the Phase I1 bed I will be incorporated, with Phase I1 alluvial data, into the 
existing database and used to better de , source characteristics, the nature and extent 
of contamination, and to support the bas ent and evaluation of proposed remedial 
aiternati\zes. 

Geologic and hydrologic data will be ted into appropriate site maps and cross-sections. Geologic 

data will be used to detail the stratigr the bedrock in the 903 Pad, Mound, and East Trenches areas. 

Hydrogeologic data will be used to characterize the subsurface geometry of aquifer and aquitard zones and 

groundwater flo bedrock. This characterization will include gathering data on effective porosities, 
hydraulic conduct and hydraulic gradients that will be used as a basis for evaluating flow directions, 
the Interaction between alluvial and bedrock groundwater, groundwater velocities, and contaminant migration 
rates. 

5.5.2 Source Characterization 

The results of the alluvial RFI/RI will be carefully evaluated to identify potential sources of bedrock 

contamination. The potential sources evaluated will include: (1) plumes of dissolved (aqueous phase 

contaminants in the upper HSU, (2) pools or pockets of non-aqueous phase contaminants near the bottom 
of the upper HSU, and (3) unidentified off-site sources located topographically and/or hydraulically 

upgradient of the site. 
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Analytical data from the source boreholes will be used to : 

Confirm IHSS locations 
Characterize the nature of source contaminants 

Characterize the lateral and vertical extent of source contaminants 
Determine the maximum onsite contaminant concentrations 
Quantify the volume of source materials 

At those IHSS locations which are trenches, geologic data from the source boreholes will determine the 
trench depths and characterize trench contents. 

5.53 Nature and Extent of Contaniination 

Analytical data from samples of bedrock ground fer will be used to characterize the nature and extent of 

contamination. The criteria for the identificatio on will be analyte-specific, as discussed in 
Subsection 2.2.2, Background Characterization. the implementation of these statistical 
techniques for groundwater and boreho samples is the categorization of each analytical data set into 

appropriate hydrogeologic units (e.g., the sandstone lithologic units or claystonz woultl 

be categorized together). The identification geologic unit will be based on geological data 

collected during the Phase I1 RFI/RI. The natural range of background concentrations of inorganic 
parameters will be further cha ated in the context of the potential role of evaporative 

concentrations as a mechanism nces of inorganic constituents at high concentrations at 

outcrops or shallow subcrops. 

The extent of contamination ugh the use of isopleth maps and cross sections. The 

possible use of kriging or other computerized calculation methods to contour the isopleths for the most 

contaminants will nvestigated. Appropriate statistical techniques will be used to 
identify and characterize constituent bution and source areas. 

Comparisons of analytical dat 
movement of contaminants. 

from alluvial and bedrock groundwater will be made to investigate the 

5.6 TASK 6 - BASELINE RISK ASSESSMENT 

A baseline risk assessment will be prepared for the 903 Pad, Mound, and East Trenches areas as part of the 
Phase I1 RI to evaluate the potential threat to the public health and the environment in the absence of 

remedial action. One risk assessment combining the bedrock and alluvial components of the RFI/RI will 

be conducted. The baseline risk assessment will provide the basis for determining whether or not remedial 
action is necessary in the area and serve as the justification for performing remedial action (EPA 198th). 
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Several objectives will be accomplished under the risk assessment task including identification and 
characterization of the following (EPA 1988a): 

Toxicity and concentrations of hazardous substances present in relevant media (e.g., air, 
groundwater, soil, surface water, sediment, and biota) 

Environmental fate and transport mechanisms within specific environmental media, and cross- 

media fate and transport, where appropriate . 

Potential human and environmental receptors 

Potential exposure routes and extent of actual or expected exposure 

Extent of expected impact or threat and the likelihood 
character1 zat ion) 

Level(s) of uncertainty and limitations associated with the above factors 

The public health risk assessment and th will be performed in accordance with 
EPA and other guidance documents. T dress the potential public health and 
environmental impacts associated with the site under the no-action alternative (no-remedial action taken). 
This assessment will aid in th selection of site remedies based on the contanirnants of concern and the 
environmental media associated with tential risks to public health and the environment. 

5.6.1 Public Health Evaliration 

The risk assessment process is divided into four tasks (EPA 1988a), including: 

Exposure assessment 
Toxicity assessment 

Risk characterization 

The task objectives and description of work for each task are described below. 

5.6.1.1 Contaminant Identification 

The objective of contaminant identification is to screen the information that is available on hazardous 

substances or wastes present at  the site and to identify contaminants for the risk assessment process. 

Phase 11 RFI/Rl Work I’lan (Bcdrock) - 903 Pad. Mound, and East Trenches Areas 
Rocky Flats Plant, Golden, Colorado 
22578E/R1.5 01-24-9l/RPT 

Draft  Final 
Januaiy 24. 1990 

Page 5-5 



Previous work characterizing aspects of the Rocky Flats Plant and the surrounding area has been performed. 
Additional sampling and analysis of various media will take place in order to support the human health risk 
assessment, the ecological assessment, and to further characterize the site. Reduction in the number of 
contaminants identified to a list of "contaminants of concern" will be evaluated in accordance with EPA 

guidance (EPA 1989a). 

5.6.1.2 Exnosrire Assessment 

The objectives of the exposure assessment are to identify actual or potential exposure pathways, to identify 
and  characterize potentially exposed populations, and to determine the extent of exposure. An exposure 

pathway is comprised of four elements: 

1) A source and mechanism of chemical release to the environment 

2) An environmental transport medium (e.g., a groundwater) for the released constituent 

3) A point of potential contact of humans or biota with the affected medium (the exposure point) 

4) An exposure route (e.g., inhalatio nated dust) at the exposure point 

The exposure assessment process will include the fallowing actions: 

Analyze the probab of compounds for both the present and the future uses 

Identify the huinan populations i 

sensitive population subgroups 
e area, typical activities that would influence exposure, and 

Identify potential and complete exposure pathways under current and future land use conditions 

Develop exposure scenarios for each identified pathway and select those scenarios that are 

Develop an estimate of the expected exposure levels at the exposure points from the potential 

release of contaminants 
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Appropriate exposure scenarios will be identified for the site. Scenarios which could potentially be 
considered include natural residential, commerciallindustrial, and/or recreational use. Factors to be 

examined in the pathway and receptor identification process will include: 

Location of contaminant source 

Local topography 
Local meteorological data 
Local geohydrologytsurface water hydrology 
Surrounding land use 
Local water use 

Prediction of contaminant migration 
Persistence and mobility of migrating contaminants 

For each migration pathway and for existing and future land use, receptors will be identified and  

characterized. Potential receptors will be defined by the appropriate exposure scenarios. 

5.6.1.3 Toxicitv Assessment 

In accordance with EPA's risk assessment g projected concentrations of chemicals of concern 
at exposure points will be compared with ARARs to judge the degree and extent of risk to public health and 
the environment (including plants, animals, and ecosystems). Because ARARs do not exist for certain media 

(such as soils) and not all ARARs are health-based, this comparison is not sufficient in itself to satisfy the 

requirements of the risk assessment er, receptors may be exposed to contaminants from 
more than one medium. Nevertheless n with standards and criteria is useful in defining the 

exceedance of institutionaf requireme ion to ARARs listed in Table 3-1, the following criteria 
w i l l  be examined: 

Ambient water q criteria for protection of human health 

Center for Disease Control and Agency for Toxic Substances and Disease Registry soil advisories 

National Ambient Air Quality Standards 

Critical toxicity values (i.e., numerical values derived from dose-response information for individual 

compounds) will be used in conjunction with calculated media intake determinations to evaluate potential 
risk. Toxicity reference values from EPA's Integrated Risk Information System (IRIS) will be used in 
preference to other EPA reference values. 
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The baseline risk assessment will also include a summary of significant toxicological studies performed for 

chemicals of concern. The quality of these studies and their usefulness in estimating human health risks will 

be described. A more detailed explanation of the toxic effects for chemicals of concern will be provided in  

appendixes to the human health risk assessment and the environmental evaluation. Toxicity reference values 
will also be summarized. For the human health risk assessment, this will include a brief description of the 
studies upon which selected reference values were based, the uncertainty factors used to calculate risk 
reference doses (RfDs), and the EPA weight-of-evidence classification for carcinogens. For those chemicals 
without EPA toxicity reference values, a literature search, including computer data bases, may be conducted 
for selected compounds. A toxicity value will then be derived, when possible, from this information. EPA 
guidance will be followed regarding the appropriateness of the data and the methodologies to be used in  

deriving reference values. Uncertainties regarding the toxicity assessment wilI be discussed. 

Two types of critical toxicity values will be used: 

The risk reference dose (RfD) 
Slope factor (for carcinogenic chemicals only) 

5.6.1.4 Risk Characterization 

Risk characterization involves integrating e and toxicity information to quantitatively 

estimate the risk of adverse health effects. Risk characterization will be performed in accordance with EPA 

guidance and a quantitative risk estimate will be performed for all chemicals. To assess the potential adverse 

health effects associated with access tial level of human exposure to the chemicals of 

concern must be determined. Chemj r populations will be calculated separately for all 

appropriate exposure pathways for c en, for each population-at-risk, the total intake by each 

route of exposure will be calculated from each pathway. Total oral, inhalation, and 
dermal exposures will be estimated separately. Because short-term (subchronic) exposures to relatively high 

cals may cause different non-carcinogenic effects than those caused by long-term 
wer concentrations, two intake levels will be calculated for non-carcinogens for each 

route of exposure to carcinoge . A reasonable maximum estimate of exposure based on the 95 percent 
upper confidence limit of the alytical data will be used where applicable. Risk will be quantified by 

comparison of contaminant intakes at exposure points to quantitative criteria for protection of human health 
RfDs and slope factors. 

An uncertainty analysis will be performed to identify and evaluate factors that may produce uncertainty i n  

the risk assessment, such as assumptions inherent in the development of toxicological endpoints (e.g. ,potency 
factors, reference doses). If necessary, a health risk assessment will be used to define and evaluate relative 

health risks associated with the potential remedial alternatives. 
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5.6.2 Environmental Evaluation 

The objective of the environmental evaluation for Operable Unit 2 is to determine if the contaminants have 
caused or are causing an adverse environmental impact. The data to be collected wrll be utilized in 
conjunction with existing data to determine the bio-availability and toxicity of the contaminants to the flora 
and fauna of the 903 Pad, Mound, and East Trenches areas. 

The environmental evaluation will be conducted according to guidance provided in "Risk Assessment 
Guidance for Superfund," Volume 11, Environmental Evaluation Manual (EPA 1989d) as part of the 903 Pad, 

Mound, and East Trenches areas Phase 11 RFURI. The scope of the investigation will be limited to the use 

of existing data as is recommended in the cited EPA guidance. The radioecology study (Rocky Flats Plant 
Radioecology and Airborne Pathway Summary Report [Rockwell International 1986fJ), the Final 
Environmental Impact Statement (DOE 1980), the soils and surface water chemical data, and any biological 
parameters collected during this environmental evaluation will be utilized to assess both the current and 
future ecological impacts within Operable Unit _. 

In order to accomplish the work plan o 

arz briefly described below: 
, a number of activities are prepared and executed. These 

Project Preparation. This activity represents the project planning, preparation of the work plan, 
and preparation of the sampling and analyses plan (SAP). The SAP incorporates two other 

supporting document plan (FSP) and quality assurance project plan (QAPjP). 
Included also is the d analysis of existing information, identification of data gaps, and 

the preparation o f a  site- ual model of release, transport, and exposure. 

* Field Investigation. This activity represents all Phase 11 remedial investigation and ecological 
eldwork, including the installation of monitoring wells, soil borings, sampling and 

ound and surface waters, collection and analysis of soil scrapes, collection and 

and air quality sampling necessary for the baseline risk assessment. analysis of biological sampl 

Data Analysis. D p data analysis, all collected field data are reduced, evaluated, compared 

ted into the existing data bank to provide up-to-date information on conditions. 

is to identify and provide data on specific chemical/radiological contaminants, 
transport mechanisms, and environmental receptors in order to conduct the baseline risk 
assessment. 

Environmental Risk Assessment. The environmental risk assessment incorporates the 

environmental data gathered in the previous activities, characterizes documented or potential 
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contaminant exposure pathways and exposure point concentrations, and assesses the risk or threat 
to wildlife, protected species, or habitats. 

Remediation Criteria. Statutes require the selection of remedial actions sufficient to protect the 

environment. This activity entails the consideration of federal and Colorado state laws and 

regulations pertaining to the preservation and protection of natural resources that are applicable 

for the environmental risk assessment are utilized to the extent ey are available. Available data 

will be evaluated and, to the extent practicable, criteria 11 be established that address 
environmental protection. 

Environmental Evaluation Report. This activity entails the preparation of the report that 

addresses the scope of the investigation, site ironmental characteristics and contaminants, 
characterization of exposure and risk, reme on criteria, conclusions, and limitations of 

This task includes efforts to provide technical t in the form of bench scale treatability tests to the 

Rocky Flats Plant (RFP) Environmental R Program. These tests are intended to support the 
Operable Unit  2 bedrock component of the at this t h e  that, i f  contamination of the 
bedrock is found, remediation will involve groiindwater treatment, possibly in conjunction with containment 
and monitoring. However, 0th 
contamination where treatment 

echnologies may be applicable to local areas of relatively high levels of 
may be feasible. 

Treatability studies are conducted rovide sufficient data to allow treatment alternatives to 
be fully developed and evalua d analysis and to support the design of a selected 
remedial alternative; and (2) reduce cost and performance uncertainties for treatment alternatives to 

selected. Treatability study requirements are developed during 

1 alternatives (Subsection 6.1). 

eared to be potentially applicable for treating Operable Unit 2 were 

Contaminants consist of spent solvents, radionuclides, and oils. The 
technologies selected for screening were limited to those already commercially established or which have 
demonstrated potential for processing similar contaminants. Additionally, the technologies considered were 

required to be readily implementable (i.e., standard pre-engineered units available) within a short time 
frame. Innovative and alternative technologies were not considered. 
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Depending on the specific yield of the bedrock matrix considered for remediation, i t  may be feasible to 

collect groundwater for treatment above ground. In that case, the following technologies have been 
identified for potential testing: 

Chemical Oxidation of Organics - Chemical oxidation is used to degrade hazardous organic 
materials to less toxic compounds. Oxidation systems, particularly those using ultraviolet (UV) 

light, ozone, and hydrogen peroxide, are powerful tools for treating a wide variety of common 
organic environmental contaminants. Disadvantages are similar to those for inorganic oxidation 

reduction potential nontarget organics and inorganics can produce undesirable side products and 
increase oxidant requirements. 

Granular Activated Carbon (GAC) Adsorption of Organics - GAC adsorption is the most fully 
developed and widely used technology for heating groundwater contaminated with organics. It 

is effective for the removal of a wide range of organi from aqueous waste streams. Bench scale 

testing would consist o f  running a series of descr ive tests to determine isotherms for the 
groundwater contaminants. GAC is typically regenerated with a thermal process and the 

regeneration process can be performed at either off-site or on-site facilities. 

Reverse Osmosis - Reverse osmo use of semipermeable membranes. By 

applying water pressure greater than to one side of the membrane, water is 
passed through the membrane while particulate, salts, and high molecular weight organics are 
retained. The retain highly concentrated solution (retentate) contains dissolved salts, as well 

as the target contaminants, further treatment or disposal. 

Air Stripping - Air stripping 
contaminants from water. T 

n technology for removal of volatile and semivolatile 

volves the transfer of contaminants from a contaminated 

a vapor phase by passing the two countercurrent streams through a packed tower. 

atment is generally required with vapor phase activated carbon systems being the 
rocess for this purpose, but other alternatives, such as oxidation and 

vapor phase treatment unit is generally costly. incineration, exist 

is a process that involvesseparating compounds according to their boiling 
point characteristics. The primary use of distillation is for reclaiming spent solvents from 
industrial processes, and it is generally applicable only to rather concentrated solutions. The 

process can be used to separate various volatile compounds or to separate mixtures of organics 

into light and heavy fractions. The light fraction can usually be recycled or used as a boiler feed, 
while the heavy fraction requires further treatment. 
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Biological Reactor - Depending on the specific yield of the bedrock matrix, i t  may be possible to 

extract groundwater and use biological reactors utilizing microorganisms to remove organic 
contaminants from the water. Most organic contaminants can be biologically degraded by 
introducing the appropriate microorganisms. High concentrations of some organics and the 
presence of metals may prove toxic to the organisms, and pretreatment may be required. Several 

types of aerobic reactors exist, such as activated sludge systems, tri I ing fi I ters, rot at i ng biol ogical 
contactors, and immobilized cell reactors. In general, these methods generate large amounts of 
sludge, requiring disposal. 

Sorption of Radionuclides - Sorption of inorganics, metals, and radianuclides is a standard 
technique for removal and concentration of these contaminants from wastewater. The sorption 
media are generally chemically regenerated, which results in a concentrated side stream requiring 
fui  ther treatment or disposal. Common and proved sorption processes include ion exchange and 
G24C, while less proven techniques involve the of activated alumina, bone char, and 

proprietary sorption media. Ion exchange and GA ill be addressed separately. 

Activated alumina is a porous form of aluminum oxide with a large surface area. Far removal 
of aqueous contaminants, act na is typically used in a column similar to that for ion 
exchange. al of arsenic and fluoride from 

has shown promise in absorbing 
Site (Barney et al. 1989). In the 

was the most rapid and gave the highest 

ratory testing would provide valuable 

It has been proven t 

dionuclide removal. 

Ion Exchange of Radionuclides - Ion exchange processes are used for a wide range of water 
lications, including commonly recognized systems such as demineralizers and water 
e goal of an ion exchange system is to remove undesirable ions of a certain type(s) 

d replace them with more acceptable ions. Radionuclides are commonly 

e streams at nuclear facilities using ion exchange. 

Ion exchange resins, articularly anion exchange resins, have been used to recover uranium from 
mine runoff water for many years. Extensive studies on the laboratory scale report removal of 
uranium from natural waters as high as 99 percent (Sorg 1988). A small full-scale ion exchange 
system was capable of removing uranium from drinking water supplies to as low as lp/l (Jelinek 
1988). Ion exchange resins are typically rechargeable; however, the resins used in radioactive 

applications are generally only used once and are then disposed of as a solid waste. Although 

published information in the removal of plutonium from natural waters by ion exchange has not 
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been found, there is indication that ionized plutonium is removable using this technology (Marston 
1990). 

In cases where collection of groundwater is not feasible or practical, the following technology was identified 
for potential testing: 

In Situ Biological Treatment - Depending on the effective porosity of the bedrock, in situ 

biological treatment may be feasible. In situ biological treatment of groundwater involves the 
stimulation of biological growth in the contaminated zone in order to reduce the contaminant 

concentrations. Microorganisms that can use some all of the contaminants as substrates will 

normally exist in a contaminated environment. The microorganisms are stimulated to increase 
their biological growth and consumption of contaminants through addition of essential nutrients. 
Aerobic treatment systems also require the introduction of oxygen. In situ treatment is dependent 

on geological and hydrological conditions. The process is relatively inexpensive. 

Vacuum Extraction - Volatile contaminants can be removed from soil using vacuum extraction, 

which is an in situ treatment technology that involves the air stripping of contaminants by inducing 
a vapor flow through the soil. Sinc hnology involves the transfer of contaminants to the 

vapor, air emission treatment is The efficiency of the process is highly 

dependent on geologic conditions, e ineffective in low- permeability bedrock. 

In cases where contaminants are entrained in bedrock, the bedrock is accessible, and the contamination is 

of limted areal extent, the following ave been identified for potential testing: 

n is a process in which contaminants are mechanically 

eir mobility. This produces a solid matrix of waste with 
high structural integrity. Stabilization usually involves the addition of a chemical reagent to react 

Solidification and 

ently used together and are a well-established method for reducing the 
f hazardous wastes. This process generates large volumes of solidified 

minant, prcrdrtcing a less mobile or less toxic compound. 

Vitrification - The vitrification process involves heating the waste matrix to a very high 
temperature and either combining the matrix with molten glass or heating the matrix until i t  melts. 
Once cooled, the molten mass solidifies into a stable, noncrystalline solid resistant to leaching of 
inorganic, metal, and radionuclide contaminants. Organic components are destroyed by pyrolysis. 
The process can be conducted either in situ or off site; however, the process is generally expensive. 
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5.X TASK 8 - REMEDIAL INVESTIGATION REPORT 

An RI Report will be prepared to consolidate and summarize the data obtained during Phase I and both 
the alluvial and bedrock components of the Phase I1 field work. This report will: 

Describe in detail the field activities which serve as a basis for the RI report. This will include 
any deviations from the work plan that occurred during implementation of the field investigation. 

Thoroughly discuss site physical conditions. This disc on will include surface features, 
meteorology, surface water hydrology, surficial geology, groundwater hydrology, demography and 
land use, and ecology. 

Present site characterization results from al! RI investigativeactivities at Operable Unit 2 in order 
to further characterize the nature and extent of contamination, as well as the rate of 
contamination migration. The media to be addressed will include contaminant sources, soils. 

groundwater, surface water, air, and biota. 

DISCUSS contaminant fate and tra i l l  include potential migration routes, 

contaminant persistence, and cant 

Present a baseline risk assessment. The risk assessment will include human health and 

environmental eval 

Present a summary of the fin nclusions and recommendations for the feasibility study. 

Some of the above tasks, such as pro-ject planning, field investigation, sample analysis, validation and 

evaluation, and possibly treatability studies, will be implemented separately for the alluvial and bedrock 

components of the RFIIRI. However, other tasks such as community relations and baseline risk assessment 
will treat Operable Unit 2 a whole. A single RFI/RI report will be prepared to consolidate and 
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6.0 
FEASIBILITY STUDY TASKS 

The following are tasks to be accomplished during the CMS/FS for Operable Unit 2. Each task IS discussed 

in detail in the Phase I1 Bedrock RFIlRI Work Plan (Task 9) will be coordinated with the corresponding 

task in the Phase I1 RFURI Alluvial Work Plan. 

6.1 TASK 9 REMEDIAL ALTERNATIVES DEVELOPMENT/SCKEENING 

This section identifies potential technologies applicable to the remediation of contaminated bedrock at 
Operable Unit 2. The identified technologies are based on the site characterization and the site conceptual 
model developed in  Section 2.0. Identification and screening of technologies and assembling an initial 
screening of alternatives will be conducted while the RFIlRI being conducted. However, these activities 

are early stages of the Feasibility Study and, as such, the results will be presented in the FS report. 

This section provides a brief overview of the EPA Superfund process that will be employed to develop and 
evaluate alternatives for Operable Unit 2 bedrock. The Superfund Comprehensive Environmental Recovery, 

d in detail in Guidance for 
(EPA 1988a). The CERCLA 

process was adopted because it specifies in the, greatest detail the steps that should be followed and because 
the TAG requires general cornptiance with both RCRA and CERCLA guidance. 

The steps followed to develop alte s fa edrock beneath the 903 Pad, Mound and East Trenches 
areas are discussed below: 

clop site remedial action objectives based on: chemical- and radionuclide-specific 

standards (when available); site-specific, risk-related factors; and other criteria, as 

f general types of actions appropriate for the bedrock beneath the 903 Pad, 

Mound and East Trenches areas (such as containment, treatment, and/or removal) that 
may be taken to satisfy the objectives defined in the previous step. These general types or 

classes of action are generally referred to as general response actions in EPA guidance. 

a Identify and screen technology groups for each general response action. For example, the 

general response action of containment can be further defined to incliide the in situ 

stabilization of contaminants in a form that is less mobile or immobile in the biosphere. 
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Other containment alternatives could consist of groundwater barriers such as slurry walls. 
Screening should eliminate those groups that are not technically feasible at the site. 

Identify and evaluate technology options for each technology group to select a 

representative process for each group under consideration. Although specific process 
options are selected for alternative development and evaluation, these processes are 
intended to represent the broader range of options within a general technology group. For 
example, a soil bentonite slurry wall may be selected as representative of vertical barriers 
and would be used for technical and cost comparisons. 

Assemble the selected representative technologies into site closure and corrective action 
alternatives for the bedrock beneath the 903 Pad, Mound and East Trenches areas and that 

represent a range of treatment and Containment combinations. as appropriate. 

Screen the assembled alternatives against the short- and long-term aspects of three broad 

criteria: effectiveness, implementability, and cost. Because the purpose of the screening 
evaluation is to reduc number of alternati that will undergo a thorough and 
extensive analysis, alte s detail than subsequent evaluations. 

Effectiveness is an evaluation of the p 
remedial alternative action dur 

been met. Evaluation of effe 

workers, impacts to the envir 

term evaluation of effectiven 
based on the percentage of p 
compounds achieved after response objectives have been met. 

ealth and the environment achieved by a 

tion and implementation, and after the response oblectives have 
the short term is based on protection of the community and 

the time required to meet remedial response objectives. Long- 

the risk remaining to human health and the environment and is 
, decreased mobility, and/or reduction in volume of toxic 

Implenientability is a measure of both the technical and administrative feasibility of constructing, operating, 

and maintaining a remedial action alternative. It is used during screening to evaluate the combinations of 
process options with respec Technical feasibility refers to the ability to 
construct, reliably operate, comply with action-specific (technology-specific) requirements in order to 
complete the remedial action. Administrative feasibility refers to the ability to obtain required perinits and 

approvals; to obtain the necessary services and capacity for treatment, storage, and disposal of hazardous 
wastes; and to obtain essential equipment and technical expertise. 

the site-specific conditions. 

Cost estimates for screening will be derived from cost curves, generic unit costs, vendor information, 
conventional cost estimating guides, and prior estimates made for Rocky Flats and similar sites, with 

modifications made for Rocky Flats Plant conditions. Absolute cost accuracy is not necessary. The cost 
estimates for the alternatives, however, will have the same relative accuracy for comparison and screening. 
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The cost estimating procedures used during screening are sirmlar to those that willbe used diiiing the later 
detailed alternatives analysis. The later detailed analysis however, will receive more in-depth and detailed 

cost estimates for the components for each alternative. The screening cost estimates will include capital, 

operating, and maintenance costs. The operating and maintenance costs will be calculated for the lifetime 
o f  the treatment unit operation at the site. Present worth cost analysis will be used for alternatives in order 
to make the costs for the various alternatives comparable. 

Alternatives with the most favorable results from the composite evaluation will be retained for further 

scrutiny during the detailed analysis. Not more than ten alternadves will be retained for detailed analysis 

(including containment and no action). At that time, it may be determined that additional site-specific 
inforination or technology-specific treatability studies are necessary for an objective detailed analysis. Also, 
i t  will be necessary to identify and verify the action-specific applicable or relevant and appropriate 

requirements (ARARs) that each respective alternative will be required to meet. 

At the Phase I1 RFI/RI Work Plan state, the appropriate Ievei of alternatives analysis requires the listing 
of general response actions most applicable to the type of sit inder investigation. General response actions 
are defined as those broad classes of actions that may satisfy the objectives for remediatron defined for 

Operable Unit 2 bedrock. Table 6-1 provides a d description of general response actions and typical 

technologies associated with remediating bt4rc.r ters. Table 6-1 also includes a general 

statement I egarding the applicability of the general res n to potential exposure pathways. 

The response actions outlined in Table 6-1 must b applied to the potential exposure pathways that will be 
identified for Operable Unit 2 bedrock. The response actions can individually be capable of providing 
control over all or some of the potentiat p s. Partially effective response actions can be combined to 
forin complementary sets provide control over all pathways. 

human exposure may be avoided by prevention of contaminant release, transport, 

lication of the response actions may be considered at three different points in each 

at the point where the contaminant could be released from the source, (2) 
) at the point where the contact with the released contaminant could be 

prevented. 

While the identification of general response actions is discussed above, the selection of the most appropriate 
action or combination of actions is not warranted at this time. Site and contaminant data are not sufficient 

to initiate the screening process. The following data requirements have been established for the Phase 11 
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RFTiRI effort for characterization of the source and groundwater contaminants and for the preliminary 
screening of alternatives: 

0 Describe contaminant fate and transport in bedrock 

Collect and analyze bedrock and groundwater samples beneath release areas to 

evaluate contaminant spread 
Describe and characterize bedrock gwhydrol 
Determine depth to water table and areas of 

0 Site physical characterization 

Groundwater flow regime within bedrock 

Rock types and general engineering properties 
Depth to bedrock 
Depth to groundwater 
Hydrogeologic boundaries and parameters 

These data will enable a thorough ative evaluation of the technologies with respect to 

iinplementabllity, effectiveness, and cost, 11 allow for informed decisions to be made with respect to 

the selection of preferred technologies. Plan (Section 8.0) describes the methodology 
that will he followed to obtain the required info 

6.2 T.4SK 10 - DETAILED ANALYSIS OF KERlEDlAL ALTERNATIVES 

The final step, Involvmga detarled alternative, is performed during the FS. The detailed 
analysis is not a decision-m 

inforination in order to selec 
ut it  is the process of analyzing and comparing relevant 

dial action. Each alternative will he assessed against nine evaluation 
e compared to identify the key tradeoffs among the alternatives. 

NCP evaluation criteria, is necessary for the F S  and the subsequent Record of 
ion Decision (CAD) to comply with the requirements of CERCLAIRCRA. 

ia are listed below: 

n of human health and the environment 
0 Compliance with applicable or relevant and appropriate requirements (ARARs) 

Reduction of toxicity, mobility, or volume 

0 Long-term effectiveness and permanence 
0 

0 Short-term effectiveness 
0 Implementabili ty 

0 cost 
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State acceptance 

Community acceptance 

The above criteria are described in the CERCLA EPA guidance document (EPA 1988a). The initial two 
criteria are considered threshold criteria because these alternatives must be satisfied before further 

consideration of the remaining criteria. The next five criteria are considered the primary criteria on which 

the analysis is based. The final two criteria, state and community acceptance, are addressed during the final 

decision-making process after completion of the FS/CMS. A mor 
follows. 

efailed description of each criteria 

Overall Protection of Human Health and the Environment 

Thz alternatives will be individually analyzed to determine whether they provide adequate protection of 

hiiman health and  the environment. The protect evaluation focuses on how the risks posed hy each 
pathway are being eliminated, reduced, or controlled by treatment, engineering, or institutional measures. 

Compliance with ARARs 

Each alternative will be analyzed to determin 

have been identified.. The analysis will address eo 
hether i t  will comply with all state and federal ARARs that 

e with chemical-specific, location-specific and 
action-specific ARARs. If an alternative will not comply with an ARAR, the F S  report will present the basis 
for justifying a waiver. 
action-specific ARARs. If an alternative will not comply with an ARAR, the F S  report willpresent the basis 
for justifying a waiver. 

This criterion assesses the risks that remain at the site after the response objectives have been met. The 
risks associated with any remaining untreated wastes or treatment residuals will be evaluated. For each 
alternative, the magnitude of the residual risk and the reliability and adequacy of the controls used to 

manage untreated wastes eatment residuals will be addressed. 

Reduction of' Tnxicitv, M or  Volrime Throrieli Treatment 

This criterion evaluates the statutory preference of selecting remedial actions that permanently reduce 
toxicity, mobility, or volume of the hazardous materials. Factors evaluated for each alternative will include 
the proposed treatment process and the materials treated; the quantity of materials to be treated or 

destroyed, and how the primary hazardous threat will be addressed; the estimated degree of the reduction 

in toxicity, mobility, or volume that will be achieved; the extent to which the treatment will be irrs\wsible; 

the type and quantity of treatment residuals that will remain follow~ng treatment; and the determination 
whether the alternative will comply with the statutory preference for treatment. 
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Short-Term Effectiveness 

Short-term effectiveness refers to the effects an alternative may have during construction and implementation 

phases until the cleanup objectives have been achieved. AIternatives will be evaluated to determine the 
effects on human health and the environment during implementation. Each alternative will be assessed 
against the following factors: protection of the community and work s during the remedial action 

environinental impacts and the time required to achieve the remedial actton objectives. 

This criterion assesses the technical and administrative feasibility of implementing an alternative, and the 
availability of necessary services and materials. The following factors will be analyzed during the 
implementability assessment: the technical feasibility of construction and operation; the reliability of the 

technology; the practicability of employing additional remedial 6ons; the ability to monitor the effectivenesh 
of the remedial action; administrative coordination with other offices and agencies; the availability of 
adequate offsite hazardous (or mixed) waste treatment, storage, and disposal; and the availability of 
equipment, expertise, and other services and materials. 

Costs 

A cost estimate will be prepared and, if necessary, B cost-sensitivity analysis will be prepared to evaluate 
costing assumptions. Capital cost Kt construction costs, indirect non-construction costs, and 

overhead costs. Operatins and m osts are incurred after construction in order to operate the 

remedial action on a continuous basis he remedial action ob-jectives have been achieved. FS cost 

estimates are expected to be within an accuracy range of minus 30 percent to plus 50 percent. If this 

accuracy cannot be achieved, the fact (with supporting documentation) will be stated in the FS report. 

atysis may be conducted to determine the effect that specific cost assumptions have on 
the total estimated cost of an alternative. The cost assumptions will be based on site-specific data, 
technological operating data, 

depending on the accuracy 
, although the assumptions will be subject to varying degrees of uncertainty, 

State Accevtance 

This criterion addresses the state's administrative and technical issues and concerns with each of the 
alternatives. 
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Commrinitv Accentance 

The community acceptance program addresses the public’s concerns and issues with each of the alternatives. 

6.3 TASK 11 - FEASIBILITY STUDY REPORT 

The FS report will contain a narrative discussion of each alternative’s evaluation against the nine criteria 

listed above. As with the RI report, the FS report will address both the alluvial and bedrock components 

of the site. There is a potential for different alternatives to be considered for the bedrock than for the 

uppermost aquifer. The narrative will describe how each alternative a ses the technical treatability 
issues, long-term and short-term effectiveness, costs, pr on of human health and the environment, 
compliance with ARARs, etc. Once the alternatives h n described, a comparative analysis will be 
conducted to evaluate the relative performance of each alternative. The relative advantages and 
disadvantages of each alternative with respect to the other altsrnatives will be determined in order to assess 

the key tradeoffs that must be made in selecting a remedial action. A candidate alternative must generally 
attain the primary objectives of compliance with ARARs and overall protection of human health and the 

environment in order for i t  to be eligible for selection as the remedial action. A narrative discussion of the 

alternatives comparison describing the tradeo nefits, and shortcomings of each alternative in comparison 
to the others will be included in the FS rep 

Following completion of the FS process, the results of the detailed alternatives comparison and risk 

nianageinent will be used as the rationale for selecting a preferred alternative and a remedial action. 

Although the purpose of the FS rep s is not to select a remedial action, i t  will present and 

evaluate the alternatives in siifficien to objectively consider all significant issues and select 

esent a description of the feasibility study and I t s  results. The report will include 

sections describing: site background; nature and extent of problem; summary results of the RI; risk 
assessment and environmental valuation; identification, screening, and detailed evaluation of remedial 

alternatives; and the recomme remedial actions. This task includes development of a Draft FS, a 

revised Draft F S  that incorporates EPA and CDH comments, and preparation of a Final FS that 
incorporates public comments. 

As with the RFIIRI, some portions of the CMSlFS may be conducted separately for the bedrock and 
alluvial components of the site. It is likely that remediation requirements will not be the same for the 
bedrock as for the upper hydrostratigraphic unit (HSU). However, both the bedrock and a l l w i u n i  will be 
addressed during the CMS/FS and only one CMS/FS report will be prepared. 
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7 .o 
SCHEDULE 

The schedule for conducting the Phase I1 RFI/RIFS is summarized in Figure 7-1. The schedule includes 

both the alluvial and bedrock components of the RFI/RI and the Corrective Measures Study/Feasibility 
Study (CMSIFS) activities. Dates are not shown since the IAG had not yet been signed at the time this 
work plan was prepared. However, at the time of work plan preparation, the schedule was in accordance 

with recent drafts of the IAG schedule. 

As discussed in Section 8.0,Field Sampling Plan, the RFI/RI for bedrock characterization will be conducted 

in steps. After the initial round of borings and wells, sample analysis and data validation will be conducted, 
followed by interim data evaluation. A second round of field investigation will be conducted to further 

characterize the site, if necessary, and to satisfy dat needs and data quaIity objectives for the CMSfFS .  

After the second round of field investigation, there Ibe further sample analysis and data validation, data 
e\~tluation and preparation of the draft and final RFI/RI reports. 

During RFIiRI report preparation, on 

start. The CMS/FS will include rimed 

alternatives. According to this schedule, nearly 4 years 

until the final CMS/FS report is issued. 

treatability studies wilj be in progress and the CMSiFS will 
rnatives development and screening, and detailed analysis of 

I elapse from the time this work plan is finalized 
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8.0 
FIELD SAMPLING PLAN 

8.1 BACKGROUND 

The objectives of the bedrock component of the Phase I1 RFURI are to sufficientlycharacterize the bedrock 
to support the baseline risk assessment and, if significant contaminati is found, to sufficiently characterize 

the nature and extent of bedrock contamination to support study, further risk assessment, and, 
if necessary, remedial design. Within these broad objecti ecific data needs have been identified 

in Section 4.0. The purpose of this section of the work p vide a Field Sampling Plan (FSP) that 

will acldress these data needs and describe the work required to fulfill the data quality objectives (DQOs). 

The Phase I1 RFI/RI for Operable Unit 2 has been divided into an alluvial component and a bedrock 
component. The alluvial component, described in a previously prepared work plan (EG&G 1990c), is 

stibdi\~idecl into two steps. The first step will consist of a contaminant plume delineation study that will 
collect the data necessary to evaluate th 
addressing contaminated groundwater i 

will include characterization of the natu 
interconnection between the upper HSU and the 
of the RFURI will be chara 

an Interim Measurehterim Remedial Action (IM/IRA) 
hic unit (HSU) at Operable Unit 2. This 

ation in the upper HSU and the hydraulic 

he second step of the alluvial component 

source areas in Operable Unit 2. 

A stepped approach will also be omponent of the RFIiRI. As presented in 

Subsection 2.3,Site Conceptual M discussed further in Section 4.0,Data Needs and Data Quality 

Ohlectnres, there are beli entia1 sources of contamination of the bedrock: (1) plumes of 
dissolved (aqueous phase) con upper HSU, (2) pools or pockets of non-aqueous phase liquid 
contaminants nmr  the b per HSU, and (3) unidentified off-site sources located 
topographically and/or h 

Except for the potential onent RFI/RI field work will characterize the 

nature and extent of potential sources of bedrock contamination. As a result of the limited information 

available on both physical characterization and characterization of nature and extent of contamination in the 

bedrock, a stepped approach will be used to implement the bedrock component of the RFI/RI. This 
approxh will involve a continuing reassessment of the conditions as data are obtained so the sampling 

efforts can be appropriately redirected. This FSP establishes the criteria that will be used to redirect the 
sampling efforts, as necessary, to accomplish the stated goals. 

The sampling activities to characterize the bedrock will involvedrilling boreholes and installing groundwater 
monitoring wells. As discussed in more detail in Subsection 8.2, 20 locations have been preliminarily 
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identified for clusters of boreholes and wells for the initial step of the investigation. The 20 clusters contain 
a total of 20 boreholes and 38 wells. The locations of the clusters, the depths of the boreholes, and the 
number of wells and their depths are subject to revision based on the results of the alluvial component of  

the RFI/RI and based. on volatile organic screening that is conducted while drilling the boreholes during the 

bedrock component of the RFURI. Therefore, the initial step of the bedrock field sampling outlined in 
Section 8.2 is intended to demonstrate the rationale and general level of effort that will be required during 
the first step. The level of effort required for subsequent investigation will depend to a large degree on the 

results of the initial step. For example, significantly greater effort would be needed to define the extent of 

plumes identified in the bedrock and obtain sufficient data for evaluating remedial actions than would be 

reqiiirsd i f  no contamination IS  found in the bedrock during the initial investigation. 

All sampling and analysis activities will be conducted according to the project Health and Safety Plan (HSP) 

and the Sample Analysis Plan (SAP). The SAP will include the Standard Operating Procedures (SOP) and 
the Qiiali ty Assurance Project Plan (QAPjP), which were unde development at the time this work plan is 

bzing prepared. 

X.2 FIELD SAhlPLING 

8.2.1 Sa ni pl i ng Rn t i on ale 

Figiire 8-1 shows the locations 

locations for the initial investi 

the working hydrogeologic site model t 

that  significant bedrock eontamination 

investigation will depend on the results o 

proposed well/borehole clusters that have been identified as preliminary 

. After this first round of drilling and sampling, there is a potential for 
In addition, the initial investigation will indicate either 

it appears not to. The scope of subsequent steps of the 

F ~ g ~ i r e  8-2 presents flow diagram demonstrating the scope and sequencing of subsequent steps of the 
investigation that will be required depending on the interim results obtained after the initial boring and 

sampling. If bedrock conta ation is not identified initially, subsequent steps will consist o f  demonstrating 
that potential pathways ha een sufficiently characterized to conclude that contamination does not exist 

along any potential pathway, and to provide a sufficient data set for the baseline risk assessment. Similarly, 
if, at any time during the investigation, bedrock contamination is identified, subsequent sampling wifl be 
designed to further characterize potential migration pathways and the nature and extent of contamination 
along each pathway to support risk assessment and remedial design. After each significant step of the 
investigation, the requirements for further sampling will be established based on the rationale presented in 

this Field Sampling Plan. Each step of the work may be redirected based on interim results of ongoing 
evaluation of the data. Geologic and chemistry data will be evaluated as it is obtained. EG&G will direct 
the continuous updating of the hydrogeologic site model throughout the investigation. 

0 
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The physical properties and contamination of the bedrock immediately beneath and downgradient of the 
potential bedrock source areas identified during the alluvial RI will be characterized by laboratory physical 

and chemical analysis of bedrock samples and by chemical analysis of groundwater obtained from wells 
installed in the intervals of interest. Characterization of unweathered bedrock chemistry will be based solely 

on groundwater chemistry testing. Selection of well screen intervals wil ider the results of screening 

samples of the weathered and unweathered bedrock by head space iques using a portable gas 
chromatograph (GC). 

Only limited hydraulic conductivity information is currently available far the bedrock, and the results of 

packer tests conducted during the Phase I RI do not indicate a significant difference in hydraulic conductivity 
between the unweathered sandstone and the claystone. However, geologic interpretation indicates the lower 

channel sandstones inay control the groundwater flow regime in the lower HSU(s). All of the hydraulic 
conductivity values measured in the unweathered bedrock were relatively low, on the order of 1 x 10.‘ to 

1 x 10 ’ cm/sec. Hydraulic conductivity measurements performed in the different lithologic units will, 

therefore, be an important part of characterizing the bedrock hydrogeology. Packer tests will be conducted 
In rock-cored sections of the central borehole at each cluster location and slug tests will be conducted in all 

wells. The packer testing program will te on distinguishing the hydraulic conductivities of the 
unweathered claystones and siltstones fro sandstones. Slug test results will be 
used to distinguish hydraulic conductivi from that of weathered claystone. 

However, slug tests may be unsuccessful if small saturate sses (i.e.,less than about 3 feet) are found. 
Initially, conventional pump-o the claystone and lower sandstones 
because the wells are not expe ield sufficient quantities of water to make this a practical method. 
Hydraulic head and hydraulic op potentiometric surface maps and/or 
flow nets for the various lithologic in 

8.2.2 Boreholes 

Location and d a for boreholes are presented in Table 8-1. There is a potential for the locations 

of boreholes and wells to be offset based on the results of the alluvial component of the RFI/RI and, in 

some cases, several offset locations may be required to explore for the location of subcropping sandstones. 
Typically, the boreholes will be relatively deep, on the order of 100 to 300 feet; however, there are several 
shallower boreholes p osed toward the bottom of the hillside to the southeast of the 903 Pad area. Ten 
of the boreholes will penetrate the Arapahoe Formation Sandstone No. 5 interval, three will fully penetrate 
the Arapahoe Formation, and the remaining seven boreholes will terminate at shallower depths. 

Lithology of all boreholes, including holes drilled for wells,willbe logged the entire depth in accordance with 

SOP Number 3.1,Logging Alluvial and Bedrock Material. Logging will be based on continuous lithologic 

sampling of the boreholes. Sampling soils above the bedrock will be conducted using hollow-stem auger 
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continuous coring techniques. Once bedrock is encountered, grouted casing will be embedded into the 
bedrock to isolate the alluvium from the bedrock prior to further drilling (SOP Number 3.3, Isolating 
Bedrock from Alluvium with Grouted Surface Casing). The referenced SOP requires that the surface casing 
embedment be 2 feet into the weathered bedrock. However, the intent is to place the bottom of the casing 

approximately 2 feet below the interface describing a substantial reductio hydraulic conductivity. If the 
uppermost weathered bedrock is highly weathered and/or fractured, this dment depth will be adjusted 
downward. A conservative approach will be used early in the program with casing embedment on the order 
of 5 feet. The project hydrogeologist responsible for the on-going hydrogeologic site characterization will 
be responsible for establishing and documenting protocols for surface casing embedment after the first 

several boreholes are completed and evaluated. 

Weathered bedrock \vi11 also be drilled and sampled using hollow-stem auger continuous coring techniques. 
Hollow stem auger continuous core runs will be 2 feet long in the alluvium and weathered bedrock. Once 

the weathered bedrock has been fully penetrated, NX rock core sampling techniques with carbide or 

diamond bits using potable water from an approved source as the drilling fluid will be used for the 

remainder of the borehole. NX core runs will not exceed 5 feet in length. 

From the 2-foot long continuous soil a iscrete samples will be submitted for 

laboratory chemical analysis at 2-foot incre ic analysis.‘ Other cheinical analyses will 

be conducted on samples composited from the re from two sequential 2-foot samples (see 
SOP Number 3.2,Drilling ing Using Hollow Stem Auger Techniques). Collection of samples for 

chemical analysis will start ately 5 feet above bedrock (estimated based on Phase I RI and Phase 
I1 alluvial RFI/RI r of the weathered bedrock. The boreholelwell cluster 
locations were generally not located to mall depressions where dense non-aqueous phase liquids 

may collect. Howeve es of weathered and unweathered bedrock will be screened by 

headspace methods L atograph (GC) at 2-foot increments (SOP No. 3.9,Soil Gas 

pace samples will be collected and placed in jars from each 2-foot 

rock and from each 5-foot long NX core sample obtained in 
unweathered rock. Hi detected by the GC headspace analyses could potentially indicate 
the presence of non-a ontaminants. Sample collection and preparation is discussed in 
more detail in SOPA 10.2in Section 10.0. 

Borehole hydraulic conductivity tests (pump-in packer tests) will be conducted the entire depth of the NX- 
cored unweathered bedrock within the central borehole at each cluster. Packer tests will be conducted at 

intervals not exceeding 10 feet using a single packer arrangement after each segment of hole is advanced. 
Packer test procedures are given in SOP Number 2.3,Pump-in Borehole Packer Testing. 

The physical characteristics of the weathered and unweathered bedrock will be evaluated based on standard 

material properties, such as grain size distrihution and Atterberg limits. Laboratory hydraulic conductivity 
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tests will be conducted on at least two samples of sandstone from each lithologic interval of the lower 
sandstones (i.e, Arapahoe Formation Sandstone Nos. 2, 3, 4, and 5). Similarly, laboratory hydraulic 
conductivity tests will be conducted on at least eight samples each of weathered claystone and unweathered 

claystone. Selection of samples for testing will be made by the project hydrogeologist responsible for the 

ongoing geohydrologic site characterization. The laboratory hydraulic conductivity tests will generally be 
conducted to measure vertical hydraulic conductivity; however, at the project hydrogeologist's discretion, 
horizontal tests should also be conducted if it appears that they can be successfully completed with the 

available samples. 

The central borehole at each cluster will be logged geoph 
the bottom of the hole in order to obtain additional st 

ally from the base of the cased-off alluvium to 
raphic information. Stratigraphic correlation 

between geophysical logs will aid the interpretation of the geologic extent of identified units. Sonic log data 
will assist the integration of the existing seismic data with the ongoing geologic characterization program. 

Borehole geophysical logging will be conducted immediately after drilling and sampling activities have been 

completed and before the hole is case OnIy water will be added to boreholes for the 

purpose of geophysical logging. If borehole e addition of weighting materials, approval 

wil l  be requested from the prqject manager logist. Geophysical logging should consist 
of a full suite of downhole logs, including: 

d. 

b 

b 

Spontaneous Potent 

b Resistivity 16" + 454" 

b Induction 

Gamma Density 

Neutron 
b Natural Gamma Ray 

Caliper log 

b Sonic log (full wave form) 

Boreholes that are not designated for subsequent well installation will typically be abandoned immediately 

after completion. However, in some instances, if it can be demonstrated that completing a borehole as a 

well will not increase the chances of cross-contamination, wells may be completed in boreholes after 
overdrilling to the appropriate diameter. This determination may be made if there are previous data 

(including GC headspace screening in that borehole) indicating there are no potentially contaminated zones 

of bedrock between the bottom of the upper HSU and the screened-interval, or i f  nested surface casings 

have been provided to isolate the screened interval from overlying potentially contaminated zones of bedrock. 
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If the bottom of the well screen interval is not at the bottom of the borehole, the portion of the borehole 
below the screen will be properly grouted prior to well construction. Well screens will not be placed in 
zones that have been packer tested. If a well is completed at the bottom of a borehole, hydraulic 
conductivity will be evaluated by means of a pump-out or bail-down recovery test. If not completed as wells, 

abandonment of boreholes will be conducted in accordance with SOP Number 3.5, Plugging and 
Abandonment of Boreholes. 

8.23 Groundwater Monitoring Wells 

The initial investigation outlined in Table 8-1 will involve installing two-inch diameter groundwater 
monitoring wells. Unless otherwise directed by the project hydrogeologist, wells will be constructed within 
15 feet of the central borehole at each cluster. For planning purposes, 38 wells are anticipated during the 
initial investigation; however, the installation of a number of these wells will be contingent upon whether 
cei tain intervals of sandstone are found at some of the cluster locations. In other words, a well targeted for 
a particular sandstone interval may not be constructed if sandstone is not found at that depth interval in the 

borehole, unless the project hydrogeologist determines a well at that location and depth would be beneficial. 

Depth criteria for anticipated screened .intervals are presented in Table 8-1. Wells will be developed 
according to SOP No. 2.2, Well Devela 

\'v'zlls that are scheduled to be screened in sandstone wiIlbe screened in the interval indicated in Table 8-1 
i f  that  lithology is encountered in the borehole made for the well. However, screen intervals for wells in 
both weathered and unweathered ne may depend on the degree of weathering or fracturing observed 
in the core andlor on the rem Id headspace screening by GC during the borehole drilling. At 
locations where high concentra rganic compounds are found near the bottom of the 
uppermost unconfined aquifer during th I1 alluvial RFI/RI, the potential presence of high 
concentrations in the under explored by field GC headspace measurements. If the 

nts indicate relatively high concentrations of volatile organic compounds in the 

well will be screened to bracket the zone of high contaminant levels so the wells can 
be used to check for the presence of dense non-aqueous phase liquids. Similarly, in zones of unweathered 

claystone between the uppe t aquifer and underlying lower sandstones, or between intervals of lower 

sandstones. the placement 1 screen intervals will consider the results of screening using GC headspace 
of apparent contamination will be preferred for screen intervals. If GC screening does not 
ation, the field hydrogeologist designated to supervise well installation and logging may 

select the screened interval based on the amount of weathering or fracturing observed and assumed to 

represent potential secondary hydraulic conductivity. Relatively weathered or fractured zones will be 
preferred for well screen intervals. Otherwise, the screened sections will be placed mid-depth between the 

overlying and underlying sandstone intervals. The screened interval of wells isolated in claystone will be 10 
feet in length. 

I'liasc 11 RFI/RI Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas 
Rocky Flats Plant. Goldcn, Colorado 
22578/R1 .8 01-21-91/RPT 

I>raft Final 
January 21, 1991 

I'agc 8-18 



The bedrock will be isolated from potential contamination by groundwater from the upper HSU using 
grouted casing. Similarly, if there are data indicating that zones of contaminated bedrock will be penetrated 
during the construction of wells screened beneath those contaminated zones, additional nested surface 
casings will be provided to isolate the screened interval of the wells from the overlying potential 
containnation. Such data will consist either of previous groundwater chemistry data or GC headspace 

screening on borehole samples of bedrock. 

The RFURI will be based on at least one round of groundwater chemistry analysis from each well. 

However, there is a potential for more rounds of data to be available for some of the earlier wells. 
Groundwater measurements and sampling will be conducted according to SOP No. 2.1, water level 
measurements in wells and piezometers, SOP No. 2.5,Measurement for Groundwater Field Parameters, and 
SOP No. 2.6, Groundwater Sampling. Water level measurements will be obtained monthly throughout the 
field investigation. During groundwater sampling, an interface probe will be used to check for the presence 

of low and high density non-aqueous phase liquids in wells where the GC headspace screening indicates they 
may be present. If they are detected, a discrete sampler willbe used to sample them before purging the well 

for water samples. Detailed procedures are presented in SOPA Number 10.1 in Section 10.0. 

There is a potential for some wells, pri 

that they can not be sampled using co 
two alternatives will be used to obtain samples: 

ose completed in claystone, to produce water slowly enough 
1 methods (i.e.,purging prior to sampling). In these wells, 

(1)  In weathere he alluvial RFI/RI results indicate relatively high 

mpounds (i.e.,greater than about 1 % of the saturation 
C headspace readings indicate similar concentrations, 

a conventional we1 led to check for non-aqueous phase liquids. Sampling will 
be conducted by purging 1 borehole volume and obtaining the sample as soon as possible. 

. 

(2) In weathered and LI athered claystone where there do not appear to be relatively high 
concentrations of volatile or semivolatile organic compounds, a conventional well will not 

t rather an electronic or pneumatic piezometer tip and a porous stone-type 

r (e.g. ,BAT system sampler) will be installed in the uncased bottom of the 
borehole. Prior to installation, a casing will be grouted into place to a depth 3 to 5 feet 

bottom of the hole. The uncased bottom of the hole will be developed by 
all drilling fluids and residues and then removing all water that collects in the 

hole during a 2-week period, or a maximum of 5.well volumes. After development, the 

piezometer and sampler will be installed. 
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8.2.4 Location Surveying 

Locations of all boreholes and wells will be surveyed to within an accuracy of one foot before drilling or 

sampling. After drilling, all wells and borings will be resurveyed. Horizontal accuracy will be +O. 1 foot for 
boreholes and wells. Vertical accuracy will be kO.1 foot for boreholes and 0.01 foot for wells. Three 

elevations will be determined for each well: ground surface, top of well casing, and top of surface casing. 

Locations are based on State Planar reference and elevations are feet above mean sea level (USGS datum). 

8.2.5 Data Reporting Requirements 

Field data will be input into the RFEDS environmental database using a remote data entry module supplied 
by EGBrG. Data will  be entered on a timely basis and a 3.5-inchdiskette will be delivered to EG&G. A 

hard copy report will be generated from the module for contractor use. The data will be put through a 

prescribed QC process based on a SOPA to be generated by 

A sample tracking spreadsheet will be maintained by the contractor for use in tracking sample collection and 
shipment. EG&G will supply the spreadsheet format and will stipiilate the timely reporting of the 

information. This data will also be del 

Computer hardware and software requirements for contractars using government-supplied equipment will 
be supplied by EG&G. Computer and data sedurity will also follow acceptable procedures outlined by 

8.3.1 Soil Samples from Roreh 

8.3.1.1 

r chemical analysis from soil and weathered bedrock, as discussed In 

ated samples will be analyzed for the chemical parameters listed in Table 

8-2 in accordance with the General Radiochemistry and Routine Analytical Services Protocol (GRRASP) 

(EG&G 19900. 

83.1.2 Headsmce Analvsis 

Samples of unweathered bedrock will be collected from each of the boreholes for headspace analyses for 

volatile organic compounds (VOCs). Analysis of samples will be performed using a portable gas 
chromatograph (GC) to detect the presence of trichloroethylene (TCE), tetrachloroethylene (PCE), carbon 
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TABLE 8-2 

PHASE I1 RFI/RI 
SOIL, BEDROCK, AND GROUNDWATER SAMPLING 

ANALYTESAND COMPOUNDS 
OPERABLE UNIT 2 

METALS 

Target Analyte List - Soil and Bedrock Target Analyte List - Groundwater 

Aluminum Aluminum 
Antimony Antimony 
Arsenic Arsenic 
Barium Barium 
Beryllium Beryllium 
Cadmium Cadmium 
Cal ci um Calcium 
Chromium 
Cobalt 
Copper 
Iron Iron 
Lead Lead 
Md, cmesium Magnesium 
h4anganese Manganese 
Mercury Mercury 
Nickel Nickel 

Potassium 
Selenium 

Sodium 
Thal I ium 
Vanadium 
Zinc 

Other Metals Other Metals 

S i l ~ e r  Silver 

Molybdenum Molybdenum 
Cesium Cesium 
Strontium Strontium 
Lithium Lithium 
Tin Tin 
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TABLE 8-2 

PHASE I1 RFI/RI 
SOIL, BEDROCK, AND GROUNDWATER SAMPLING 

ANALYTESAND COMPOUhTDS 
OPERABLE UNIT 2 

(Continued) 

OTHER INORGANICS - Soil and Bedrock FIELD PARAMETERS - Groundwater 

PH PH 
Nitrate Specific Conductance 
Percent Solids Temperature 
Cyanide 
Moisture Content 

INDICATORS - Groundwater 

Total Dissolved Solids 

roundwater 

Carbonate 
Bicarbonate 
Chloride 
Sul fat e 
Nitrate as N 
Cyanide 

DJSSOLVED RADIONUCLIDES - Soil and DISSOLVED RADIONUCLIDES - Groundwater 
Bedrock 

Alpha Gross Alpha 
Gross Beta 
Uranium 233 +234,235 and 238 
Americium ‘241 

234,235 and 238 

Plutonium 239 +240 Plutonium 239+240 
Tn titiin Tritium 
Strontium 90, 89 Strontium 90 
Cesium 137 Cesium 137 

Radium 226,228 
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TABLES-2 

PHASE I1 RFURI 
SOIL, BEDROCK, A N D  GROUNDWATER SAMPLING 

ANALYTESAND COMPOUNDS 
OPERABLE UNIT 2 

(Continued) 

ORGANICS: VOLATILES 

Target Compound List - Soil and Target Compound List - Groundwater 
Bedrock 

Chloromethane Chloromethane 
Bromomethane Bromomethane 
Vinyl Chloride Vinyl Chloride 
Chloroethane Chloroethane 
Methylene Chloride 
Acetone 
Carbon Disulfide 
1,l-Dichloroethene 1,l-Dichloroethene 
1,l-Dichloroethane 1,1 -Dichloroethane 
total 1,2-Dlchloroethene 
Chlo I 0 for I l l  

I ,  1,l-Trichioroethane 
Carbon tetrachlorid 

trans-l,3-Dichloropropene 

Benzene 
CIS-l ,3-Dichloropropene 
Bromnforni 
2-Hexanone 
4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 

total 1,2-Dichloroethene 
Chloroforni 
1,2-Dichloroethane 
2-Butanone 
1,l ,l-Trichloroethane 
Carbon tetrachloride 
Vinyl Acetate 
Bromodichloromethane 
1,1,2,2-Tetrachloroethane 
1,2-Dichloropropane 
trans- 1,3-Dichloropropene 
Trichloroethene 
Dibromochloroniethane 
1,1 ,ZTrichloroethane 
Ben Zen e 
cis-1,3-Dichloropropene 
Bromoform 
2-Hexanone 
4-Methyl-2-pentanone 
Tetrachloroethene 
Toluene 
Chlorobenzene 
Ethyl Benzene 
Styrene 
Total Xylenes 
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TABLE8-2 

PHASE I1 RFI/RI 
SOIL, BEDROCK, AND GROUNDWATER SAMPLING 

ANALYTESAND COMPOUNDS 
OPERABLE UNIT 2 

(Continued) 

ORGANICS: SEX4I-VOLATILES 

Target Compound List - Soil and Target Compound List - Groundwater 
Bedrock 

Phenol Phenol 
bis(2-Chloroethy1)ether bis(2-Chloroethy1)ether 
2-Chlorophenol &Chlorophenol 
1,3-Dichlorobenzene 1,3-Dichlorobenzene 
1,4-Dichlorobenzene 1,4-Diehlorobenzene 
Benzyl Alcohol Benzyl Alcohol 
1,2-Dichlorobenzene ,2-Dichlorobenzenz 
?-Methylphenol 
bis(2-Ch1oroisopropyI)ether 
4-methyl phenol 

2,4-Dimethylphenol 
Benzoic Acid 
bis(2-Ch1oroethoxy)niethane 
2,4-Dichlorphenol 
1,2,4 -Trichloroben zene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 

(para-chloro-meta-cresol) 
2-Methylnaphthalene 
Hex achlorocycl open tad iene 
2,4,6-TrichlorophenoI 
2,4,5-TrichlorophenoI 
2-Chloronaphthalene 
2-Ni troanil me 
Dimethylphthalate 
Acenaphthylene 
3-Ni troaniline 
Acenaphthene 

bis(2-Ch1oroisopropyl)ether 
4-methyl phenol 
N-Nitroso-Dipropylamine 
Hexachloroethane 
Nitrobenzene 
Isophorone 
2-Nitrophenol 
2,4-Dimethylphenol 
Benzoic Acid 
bis(2-Chloroet1ioxy)niethane 
2,4-Dichlorphenol 
1,2,4-Trichlorobenzene 
Naphthalene 
4-Chloroaniline 
Hexachlorobutadiene 
4-Chloro-3-methylphenol 

(para-chloro-meta-cresol) 
2-Methylnaphthalene 
Hexachlorocyclopen tadiene 
2,4,6-Trichlorophenol 
2,4,5-Trichlorophenol 
2-Chloronaphthalene 
2-Nitroaniline 
Dimethylphthalate 
Acenaphthylene 
3 -Nit roanil ine 
Acenaphthene 
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TABLE8-2 

PHASE I1 RFI/RI 
SOIL, BEDROCK, AND GROUNDWATERSAMPLING 

ANALYTESAND COMPOUNDS 
OPERABLE UNIT 2 

(Continued) 

ORGANICS: SEMI-VOLATILES 

Target Compound List - Soil and Target Compound List - Groundwater 
Bedrock 

2,4-Dinitrophenol 2,4-Dini trophenol 
4-N1 trophenol 4-Nitrophenol 
Di benzofuran Di benzofuran 
2,4-Din i t ro to1 ueiie 2,4-Dinitrotoluene 
2,6-Dinitrotoluene 2,G-Dinitrotoluene 
Diethylphthalate Diethyl phthalate 
4-Chlorphenyl Phenyf eth 
Fluorene 
4-Nitroaniline 
4,6-Dinitro-2-methylphenol 4,6-Dinitro-2-methylphenol 

4-Chlorphenyl Phenyl ether 

N-nitrosodiphenylainine 
4-Bromophenyl Phenyl ether 
Hexachlorobenzene 

Phenanthrene 
Anthracene 
Di-n-butylphthalate 
Fluoranthene 
Pyrene 
Butyl Benzylphthalate 

Pentachlorophenol Pentachlorophenol 

3,3’-Dichlorobenzidine 3,3’-Dichlorobenzidine 
Benzo(a)anthracene Benzo(a)anthraeene 
bis(2-ethy1hexyl)ph thalate bis(2-ethylhexy1)phthalate 
Chrysene Chrysene 
Di-n-octyl Phthalate Di-n-oc tyl Phthalate 
Benzob) fluorant hene Benzo(b)fluoranthene 
Benzo(k)fluoranthene , Benzo(k)fluoranthene 
Benzo(a)pyrene Benzo(a)pyrene 
Indeno( 1,2,3-cd)pyrene Indeno( 1,2,3-cd)pyrene 
Dibenz(a,h)anthracene Dibenz(a,h)anthracene 
Benzo(g , h,i)perylene Benzo(g , h, i)perylene 

I’iWsc I1 KFliRl Work Pian (licdrocL1 - W3 Pad, M o d .  a d  h s t  Trrncka Arras, DraR Final 
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TABLE8-2 

PHASE 11 W R I  
SOIL, BEDROCK, AND GROUNDWATERSAMPLING 

ANALYTESAND COMPOUNDS 
OPERABLEUNIT 2 

(Continued) 

ORGANICS: PESTICIDES/PCBs 

Target Compound List - Soils and Target Compound List - Groundwater 
Bedrock 

alpha-BHC alpha-BHC 
beta-BHC bexa-BHC 
delta-BHC delta-BHC 
gamma-BHC (Lindane) g a m - B H C  (Lindane) 
Heptachlor Heptachlor 
Aldrin Aldrin 
Heptachlor Epoxide Heptachlor Epoxide 
Endosulfan I Endosulfan I 
Dieldrin 
4,4’-DDE 

Endosulfan Sulfat 

gam-Chlordane 

AROCLOR- 10 16 
AROCLOR- 122 1 
AROCLOR- 1232 
AFLOCLOR-1242 
AROCLOR- 1248 
ARQCLOR-1254 
AROCLOR-1260 

Dieldrin 

Endrin 
Endosulfan I1 

Endosulfan Sulfate 

Endrin Ketone 
Methoxychlor 
alpha-Chlordane 
gamma-Chlordane 
Toxaphene 

4,4’-DDE 

4,4’-DDD 

4,4’-DDT 

AROCLOR-1016 
AROCLOR-1221 
AROCLOR- 123 2 
AROCLOR-1242 
AROCLOR-1248 
AROCLOR-1254 
AROCLOR-1260 

Note: Samples will also be tested for 0-phosphate; Ammonia; Silica (as Si or SiOJ; Dissolved Organic 
Carbon (DOC); Total Organic Carbon (TOC); and Bromide. Analytical procedures have not yet 
been selected for these analytes. 
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tetrachloride(CCI,), methylene chloride, acetone, and chloroform. Operation of the GC, QA requirements, 

and preparation of the headspace sample will conform to SOP 3.9, Soil Gas Sampling and Field Analysis, 
and SOPA 10.2,included in this work plan. 

83.13 Physical Analysis 

Physical analysis on soil and bedrock samples will consist of classification (ASTM D2488), moisture content 

(ASTM D2216), and dry density for intact samples (ASTM D23-16). Laboratory classification tests will 
consist of grain size distribution (ASTM D422) (including hydrometer analysis) and Atterberg limits (ASTM 
D43 18). Laboratory classifications will be conducted for a minimum of 10 samples of each general bedrock 
material type. Laboratory hydraulic conductivity tests will be flexible-wall tests using a triaxial cell with a 
confining pressure approximating that of the overburden pressure. 

8.3.2 G roii n dwa t er Sa in ples . 

Groundwater samples will be collected from all wells identified in Section 8.2. Samples will be measured 
in the field for pH, specific conductanc mperature according to SOP 2.5, Measurement of 

Groundwater Field Parameters. Laborato ved metals will be performed on samples 
filteied in  the field using a 0.45pnl cellutos to sample preservation. During the initial 
iii\~estiytion, samples will be analyzed for the parameters listed in Table 8-2. Subsequent sampling iterations 
may only require analyses ntaminants-of-concern. These may be identified after the initial 
iiwestigation. Samples will b in accordance with GRRASP. 

8.33 Sample Containers and Preserv and Sample Control and Documentation 

Sainple volume requirements, preservation techniques, holding times, and container material requirements 

Table 8-3 lists the matrix being sampled and by the analyses to be performed. 
cted and analyses specified in this FSP. 

Additional guidance ppropriate use of materials and preservatives is provided in SOP 1.13, 

Containerizing, Preserving, Handling, and Shipping of Soil and Water Samples. 

Sample control and documentation is necessary to ensure the defensibility of data and to verify the quality 

and quantity of work performed in the field. Accountable documents include logbooks, data collection 
forms, sample labels or tags, chain-of-custody forms, photographs, and analytical records and reports. 

Guidance defining the necessary sample control, identification, and chain-of-custody documentation is 
discussed in SOP 1.13,Containerizing, Preserving, Handling and Shipping of Soil and Water Samples. 
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83.4 Field QC Procedures 

Sample duplicates, field preservation blanks and equipment rinsate blanks will be prepared. Trip blanks will 

be obtained from the laboratory. The analytical results obtained for these samples will be used by the ER 
Project Manager to assess the quality of the field sampling effort. The types of field QC samples to be 
collected and their application are discussed below. The frequency with which each type is to be collected 
and analyzed is provided in Table 8-4. 

Duplicate samples will be collected by the sampling team and will be used as a relative measure of the 

precision of the sample collection process. These samples will be collected at the same time, using the mine 

procedures, the same equipment, and in the same types of containers as required for the samples. They will 

also be preserved i n  the same manner and submitted for the same analyses as required for the samples. 

Field blanks of distilled water, preserved according to the sampling protocol, will be prepared by the 
sampling team and wi l l  be used to provide an indication of any contamination introduced during field sample 
preparation technique. 

Equipment blanks (rinsate) will be collect a fmal decontamination rinse to evaluate the success of 

the field sampling team’s decontamination n ncmdedicated sampling equipment. Equipment blanks 

are obtained by running distilled water omr sampling equipment prior to sainple collection. Eqmpinmt 
blanks are applicable to all analyses for water and soil samples as indicated in Table 8-4. 

Trip blanks consisting of distilled w epared by the laboratory technician and will accompany 
each shipment of water samples for ic analysis. Trip blanks will be stored with the group of 

samples with which they are associ of the trip blank will indicate any migration of volatile 
organics or any problems associated with the shipment, handling, or storage of the samples. As indicated 
in Table 8-4, a11 ill be prepared at a frequency of 1/20 per shipment. 
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TABLE8-4 

FIELD QC SAMPLE FREQUENCY 

Sample Type 
Media 

Type of Analysis 
Solids Liquids 

Duplicates Organics(*) 1/10 1\10 
Tnorganics'"' 1/10 1/10 
Radiologicals'"' 1/10 1/10 

Field Preservation Blanks Organics(a) NA NA 
Inorp&da' NA 1 I20 
Radiologicals'a) NA 1120 

Equipment Rinsate Blanks Organicda) 1 /20 1/20 
Inorganics'" 1/20 1120 
Radiologicals"' 1 /20 1 I20 

Trip Blanks Organics'"' NR 1 I20 
NR NR 

NA = Not Applicable 
N R  = Not Required 

Source: EPA (1986~)  
Source: DOE (1987) 
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SECTION 9 
QUALITY ASSURANCE ADDENDURI (QA.4) 

This Quality Assurance Addendum QAA supplements the QAPjP dated August 23, 1990, and establishes 
the specific QA controls applicable to the bedrock field investigation activities described in the Phase 
RFURI Bedrock Workplan, Section 8.0. 

9.1 ORGANIZATION AND RESPONSIBILITIES 

The organization of the EG&G Rocky Flats divisions involved in RFURI activities is shown in Figures 1-1 
and 1-2 in the QAPJP. Individual responsibilities are described in detail in QAP-jP, Subsection 1.3. 

Contractors will be tasked by EG&G Rocky Flats to implement the Phase 11 Bedrock Work Plan/Field 

Sampling Plan. The specific ER Department personnel who wiIl interface with the Contractors and be 

authorized to provide technical direction are shown in Figure 9-1. 

9.2 QUALITY ASSURANCE PROGR 

This QAA supplements the QAPjP ific QA controls applicable to the field 

investigation activities described in Bedrock Workplan Section 0. The QAPJP was written to specifically 

address QA controls for IAG re activities. The content was driven by DOE RFP SOP 5700.6B,which 

requires that a QA program b lemented for all Rocky Flats Plant activities based on ANSTIASh4E 

NQA-I, "Quality Assurance R clear Facilities,"as well as the IAG which specifies that 

a QAPlP for 1AG-related actittities hi ped in accordance with GPA QAMS-005/80, "Interim 
Guidelines and Specifications fo Ps." The 18 element format of NQA-I was selected as the 

basis for both th with the applicable elements of EPA QAMS-005180 

ce with the SOPs specified in this QAA shall receive 

able SOPs prior to performing the work as specified in documented trai 
QAP-jP, Subsection 2.4. 
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9.3 DESIGN CONTROL 

93.1 Data Quality Objectives (DQOs) 

0 b i ec t i ves : 

The Phase I1 field investigation is designed to meet the data quality obj ves (DQOs) outlined in Table 
9-1. 

The DQOs are quantitative and qualitative statements which specify quality and quantity o f  data 

collection required. DQOs are typically expressed in terms of prsci accuracy, representativeness, 
comparability, and completeness (PARCC). Only pr ion and accuracy can be expressed in purely 

quantitative terms. Each of the PARCC parameters is defined in detail in QAPlP Table 9-1. The DQ05 
for the analytical analysis and field instruments and overall DQOs for field quality control blanks are stated 
in the site-wide QAPjP. All water and soil analyses will use CLP protocol and are described in QAPjP 
Table 9-1. 

Coingarability : 

Comparability is a qualitative paramet plementation of an approved sampling 

and analysis plan, standardized analytical protocols, and SOPS for field activities, and by reporting data in 

uniform units. Comparability is an indicator of how well newly collected data will be compatible with 

previously collected data and data collected at other locations. 

Renresentativeness: 

Representativeness is a qualitative parameter that is ensured through the careful development and review 

of the sampling and analysis strategy, and the use of appropriate SOPS for sample collection and analysis 
and field data 

Completeness: 

Completeness is a quantitat easiire of data quality expressed as the percentage of valid or acceptable 
data obtained from a measurement system. The goal for completeness for data packages is loopercent, with 

a minimum acceptable level o f  90 percent. All incomplete data packages will be reviewed to determine the 
cause and corrective action to meet the 100 percent completeness goal. 
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9 3 2  Sampling Locations 

Sampling locations for groundwater sediments, subsurface soil, surface, soil, and surface water are specified 
in the Bedrock Work Plan, Section 8.0. 

93.3 Hydrologic Testing 

The hydrologic testing program to be used at the 903 Pad, Mound, and East Trenches Areas is specified in 

the Bedrock Work Plan, Subsection 5. I .  1.4. Hydrologic testing will be performed in accordance with the 
EG&G SOPs, specified in Table 9-2. 

9.3.4 Equipment Ilecontamination 

Non-dedicated sampling equipment shall he decontaminated between sampling locations in accordance with 
the EGgLG SOPs specified in Table 9-2. Other equipin (e.g., heavy equipment) potentially contaminated 
during drilling, hydrogeologic/geologic testing, boring, sample collection, etc., shall also be decontaininated 

as specified in the applicable EG&G S 

9.3.5 Quality Control Checks 

To assess the quality of the fi ipling technique, collection of field quality control (QC) samples are 
incorporated into the samplia Field QC sample collection frequencies for the Phase I1 903 Pad, 

Mound, and East Trenches igations are shown in Table 9-3. In addition, a QC sample, 
which shall consist designated field sample, shall be collected at a 5-percent 
frequency for each dequate volume of the QC sample shall be collected and 
submitted to the laboratory to allow for the analysis of spikes, duplicates, and serial dilutions to provide the 

s internal operations, as required by CLP protocol. The volume required for the 
ble &at of a normal sample. 

Field quality control oblectives are shown in Table 9-1. 

93.6 Analytical Procedures 

Analytical procedures and DQOs are shown in Table 9-1 
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TABLE 9-3 
FIELD QC SAMPLE COLLECTION FREQUENCY 

Act ivitv 

Field Duplicate 1 in 20' 

Trip Blank' 

Equipment Rinsate Blank 

Triplicate Samples (benthic samples) F each sampling site. 

Drilling and Decontamination Fluids Sample source and analyze for all 

Fre (iu e n cy 

1 per shipping container' 

I in 20' 

analytes of interest prior to use. 

1. Or per saiiipling e hichever is more frequent. 
2. For samples to be ed for volatile organics only. 
3. A trip blank shall 

likely to be conta 
4. One equipment rinsate blan 

when non-dedicated equipm used. 

us& for radiochemistry samples because radionuclide samples are less 
posure to air than are samples of volatile organics. 
samples for each specific sample matrix beine collected 

Plinsc 11 RFI/RI Work Plan 903 Pad, Mound, East Trenchcs Area 
Rocky Flats Plant, Golden, Colorado 
237S/R19 01-24-91/RPT/2 

Draft Final 
January 24, 1991 

Page 9-21 



9.3.7 Data Reduction, Validation, and Reporting 

Analytical Reportinr Turnaround Times: 

Contractually required analytical reporting turnaround times are shown in QAPjP Table 3-1. 

Data Validation: 

Data valiclation entails an examination of the sample data package which includes the QC data and the raw 

sample data to verify that the field and laboratory data falls within the required control limits, the analytical 
results are correctly transcribed from the instrument printouts, and which, if  any, field samples are related 
to any laboratory QC samples found to be beyond control limits. The objective of data validation IS to 

identify any unreliable or invalid field or laboratory measurements and also to verify compliance with the 

analytical protocols and field SOPS. The methods that shall be used to perform laboratory data validation 
are shown in Table 9-4. Field data validation shall be rmed as specified in QAPjP Subsection 3.3.3.2. 

Data Reduction : 

Reduction of laboratory measurements an ng of analytical parameters shall be in 

accordance with the procedures specified for each analytical method (Table 9-1). The reduced data will be 
used in the data validation process to verify that the laboratory control and the overall system DQOs have 
been met. 

9.4 PROCUREMENT DQCUMEN 

used in the data validation process to verify that the laboratory control and the overall system DQOs have 
been met. 

9.4 PROCUREMENT DQCUMEN 

Contractors shall be utilized to perforin the RFI/RI field investigation described in the FSP. The 
Contractors shntl red to implement all requirements contained in the Work PlanlField Sampling 

Plan, the QAPjP, all SUPS referenced in these documents. Analytical services will also be 

contracted for analysis amples. Appropriate requirements from the QAPjP, this QAA, and the 
GRRASP shall be pass any organizations performing these analyses. A Contractor may also be 

utilized to validate analytical data packages. Appropriate requirements from this QAA shall be transmitted 

to the validation Contractor. 

The implementing Contractors shall be required to provide the materials necessary for perfornung the work 
described i n  the FSP. 

The Contractor shall be required to submit a QA Program that meets the applicable requirements in the 

QAPjP, this QAA, NQA-1, and EPA QAMS-005180. 
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TABLE 9-4 

DATA VALIDATION GUIDELINES 

Data validation shall be performed by EMAD or Contractor personnel in accordance with the following 

functional guidelines: 

U.S. EPA, Laboratory Data Validation Funcfional Guidelines for Evaluating Organics Data (2/88). 

U.S.EPA, Laboratory Data Validation Functional Guidelines for Evaluating Inoreanics Data (7188). 

EG&G Rocky Flats, Water Qualitv Parameter Data Validation Guidelines (3/90). 

EG&G Rocky Flats, 

Water bvRadon Em 

EG&G Rocky Flats, 

Spectrometry (Version 

EG&G Rocky Flats, Radiochemical Data Validation Guidelines - Tritium Analvses by Liquid 
Scintillation (Version 2.0, Rev. May 1990). 

EG&G Rocky Flats, Radiochemical Data Validation Guidelines - Gamma Spectroscopy (in 

preparation). 
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9.5 INSTRUCTIONS, PROCEDURES, AND DRAWINGS 

The FSP in the Bedrock Work Plan, Section 8.Odescribes the activities to be performed. The plan shall be 

reviewed and approved in accordance with the requirements for instructions, procedures, and drawings 

specified in QAPjP Section 5. 

SOPS approved for use for RFI/RI are identified in Table 9-2, which also indicates their applicability. Any 
additional quality-affecting procedures proposed for use but not identified here shall be developed and 
approved as required in QAPJP Section 5.0prior to performi the affected activity. 

9.6 1)OCURTENT CONTROL 

The following documents, as a minimum, shall be controlled in accordance with the requirements specified 
in Section 6.0of the QAPjPlEE QAPjP: 

0 Phase I1 903 Pad, Mound, East Trenches Arms RFI/RI Work Plan (Bedrock); 

0 Rocky Flats Plant Site- rance Project Plan for CERCLA RTIFS and 

RCRA RFIICMS Actiwt 

0 Quality Assurance Addendum to the Rocky Flats Site-Wide QAPjP for CERCLA RFI/Rl 
s for Operable Unit 2, 903 Pad, Mound, East Trenches 

0 in rhe QAPjP and this QAA). 

RCHASEI) ITEMS AND SERVICES 

The Coiitracfors that shall rovide services identified in Section 4 of this QAA shall be selected and 

evaluated as specified in Se on 9.0 of the QAPJP. This includes pre-award evaluation/audit of proposed 

Contractors as well as periodio audit of the acceptability of Contractor performance during the life of the 
contract (as applicable). Such audits shall be performed at least annually or once during the life of the 

project, whichever is more frequent (see also Section 18.0of the QAPjP). 
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9.8 IDENTIFICATION AND CONTROL OF ITEMS, SAMPLES, AND DATA 

9.8.1 Sample Containers/Preservation 

Appropriate sample volumes, containers, and preservation requirements for RFI/RI shall be in accordance 
with the SOPs listed in Table 7-2 and Table 9-5. Requirements for environmental evaluation are included 
in the Environmental Work Plan (Section 6) and SOPs which are to be developed. 

9.8.2 Sample Identification 

RFl/RT samples shall be labeled and identified in accordancs with the SOPs specified in Table 7-2 and shall 

have unique identification that traces the sample to the source(s) and indicates the method(s), date, the 
saiiipler(s), and conditions prevailing at the time of sampling. Sample identification requirements for 
environmental evaluation samples are included in Section 6.0. 

9.8.3 Chain-of-Custody 

A required part of any sampling and analy ram is the integrity of the sample from collection to data 
reporting. The documentation of the sa rred to as chain-of-custody. Sample chain-of- 

custody shall be maintained as specified in Section e QAPjP through the application of the SOPs 

specified in Table 9-2 for enviro llected during field investigations. 

9.9 CONTROL OF PKOCESSE 

Those activities requ 
(and the QAP-iP). 

ed by EG&G SOPs (Table 9-2) and other portions of this QAA 

Procured materials and co stmction activities (e.g., ground-water monitoring well installation) shall be 
inspected (as applicable) in accordance with the requirements specified in Section 10.0 of the QAPjP. 

9.11 TEST CONTROL 

Test control requirements shall apply to Treatability Studies when they are performed. Such tests shall be 
performed and documented in accordance with the requirements for test control specified in Section 11 .O 

of the QAP-jP. 
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9.12 CONTROL OF MEASURING AND TEST EQUIPMENT (M&TE) 

9.12.1 Field Equipment 

Specific conductivity, temperature, pH, and dissolved oxygen content of water samples shall be measured 
In the field. Field measurements shall be taken and the instruments calibrated as specified in EG&G 
procedure SW-SOP-4.2 (Table 9-2). 

Each piece of field equipment shall have a protocol package, as specified by tha SOPs shown in Table 9-2, 
that contains: 

0 Standard operating procedures (i.e., EG&G SW-SOP 4.2); 
Routine preventative maintenance procedures, including a list of critical spare parts to be 

Calibration methods, frequency, and description of the calibration solutions; and 
Standardization procedures (traceability to nationally recognized standards). 

0 

provided or available in the field; 
0 

0 

The above information shall, in general 
or shall explain the deviation from said pro 

's recommended operating procedures 

Any other measurements or M 
with manufacturer's instructin 
9-2. 

not discussed here shall be calibrated and maintained in accordance 
bration and maintenance are addressed) or the SOP listed in Table 

9.12.2 Laboratory Equipment 

Laboratory anal be performed by contracted laboratories using methods shown in Table 9-1. 

9.13 HANDLING, STORAGE AND SHIPPING 

RFI/RI samples shall be packaged, transported, and stored in accordance with the applicable SOPs specified 
in Table 9-2 and requirements shown in Table 9-5. 

The implementing Contractor shall develop and implement an SOP for handling and storing construction 
materials to ensure only appropriate, accepted materials are used and are handled and stored to prevent 

contamination or damage prior to use/installation. 
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TABLE 9-5 
SAMPLE CONTAINERS, SAMPLE PRESERVATION, 

AND HOLDING TIMES FOR WATER, SOIL, AND SEDIMENTS 

SOIL AND SEDIMENT 

Analyte Container Preservative Holding Time 

TAL Metals 8 oz. glass 4°C 180 days (Hg 28 days) 
Non-TAL Metals 8 oz. glass 4°C 180 days 
PH 8 02. glass 4°C ASAP 
Nitrate 8 oz. glass 4°C 48 hours 
Sulfide 8 02. glass 4°C 28 days 
Percent Solids 8 02. glass 4°C 

TCL Volatiles 4 02. glass, 4°C 

TCL BaselNeutrallAcids 8 02. glass, 4°C 

Teflon-lined cap 

TCL Pesticides/PCBs 

Petroleum Hydrocarbons 
Teflon-lined cap 

Gross AlphalBeta None 
Plutonium 239 +240 None 
Americium 241 None 
Uranium 233 +234,235,238 None 
Strontium 89 ,90  32 02. glass None 
Cesium 137 32 oz. glass None 
Tri t i  um 32 oz. glass None 

WATER 

Analvte Container 

TAL Metals 1 L Poly. 

Non-TAL Metals 1 L Poly. 

Carbonate 
Bicarbonate 
Chloride 
SUI fat e 
Nitrate 

500 mL Poly. 
500 mL Poly. 
500 mL Poly. 
500 mL Poly. 
500 mL Poly. 
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Preservative 

HNO, to 
pH < 2,4"C 

HNO, to 
pH < 2 , 4  "C 

4°C 
4°C 
4°C 
4°C 
4°C 

14 days 

7 days/40 clays' 

7 days140 days' 

7 days140 days' 

180 days 
180 days 
180 days 
180 days 
180 days 
1 80 days 
1 80 days 

Holding Time 

180 days (Hg 28 days) 

180 days (Hg 28 days) 

14 days 
14 days 
28 days 
28 days 
48 hours 
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TABLE 9-5 (cont'd) 
SAMPLE CONTAINERS, SAMPLE PRESERVATION, 

AND HOLDING TIMES FOR WATER, SOIL, AND SEDIMENTS 

WATER (cont'd) 

AnaMe Container Preservative Holding Time 

Fluoride 
Total Suspended Solids (SW) 

Total Dissolved Solids 
PH 

Cyanide 

TCL Volatiles 

500 mL Poly. 4°C 7 days 
ASAP 500 n L  Poly. 4°C 

I00 mL Paty. 4°C 

500 niL Poly. NaOH to 
p H >  12,4"C 

3-40 mL vials w/Teflon- 4 drops conc. 
HCI, 4°C 

TCL Base/Neutral/Acids' 1L 

TCL PesticidesiPCBs 1 L Amber glass 

Tritium 100 mL Glass 

Uranium 1 L  
233 +234,235,238 

, Poly. 

Strontium Total 1 L Poly. 

Cesium 137 1 L Poly. 

Americium 241 2.5 L Poly. 

Plutonium 239+240 2.5 L Poly. 

4°C 

4°C 

HNO, pH<2 

HNO, p H < 2  

None 

HNO, p H < 2  

HNO, pH<2  

HNO, pH<2 

HNO, pH<2  

HNO, pH<2  

7 days 

12 days 

14 days 

7 days/ 
40 days' 

7 days1 
40 days' 

180 days 

180 days 

None 

180 days 

180 days 

180 days 

180 days 

180 days 

1.  TCL semi-volatiles. 
2. 7 days from collection to extraction, 40 days from extraction to analysis. 
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9.14 STATUS OF INSPECTION, TEST, AND OPERATIONS 

The requirements for the identification of inspection, test, and operating status shall be implemented as 

specified in Section 14.0 of the QAPJP. A log specifying the status of all boreholes and groundwater 
monitoring wells shall be maintained. 

9.15 CONTROL OF NONCONFORMANCES 

The requirements for the identification, control, evaluation, and disp s of nonconforming items, samples, 

and data identified by EG&G shall be implemented as specified in Section .O of the QAPrP. 
Nonconformances identified by the implementing contractor shall be submitted to E G for concurrence 
and approval of the proposed corrective action(s) and disposition. 

9.16 CORRECTIVE ACTION 

The requirements for the identification, documentation, and verification of corrective actions for conditions 

adverse to quality identified by EG&G sh e implemented as specified in QAPjP Section 16. Conditions 
adverse to quality identified by the impie ng cantractor shall be documented and submitted to EG&G 
for approval of the proposed corrective act 

9.17 QUALITY ASSURANCE RECORDS 

All QA records shall be maint 

records to be generated during the 

ance with the methods established in QAPjP Section 17. QA 

fie4d activities include, but are not limited to: 

e Field Logs (e.g., sample collection notebookdlogs for water, sediment, and air) 
e Calibration Records 

e Sample Collection & Chain-of-Custody Records 
9 

e ting Documentation 

* Geologic Testing Documentation 
e Work Plan/Field Sampling Plan 
e QAPJ PIQAA 

e AuditlSurveillancelInspection Reports 
e Nonconformance Reports 
e Corrective Action Documentation 
e Data Validation Results 

e Analytical Results 
0 Procurement/Contracting Documentation 
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0 Training/Qualification Records 

0 Inspection Records 

9.18 QUALITY VERIFICATION 

The requirements for the verification of quality shall be implemented as specified in (QAPjP) Section 18.0. 
Audits of Contractors providing field investigation, construction, and analytical support services shall be 
performed at least annually or once during the life of the project, whichever IS  more frequent (see also 

QAPjP Section 18.0). 

9.19 SOFTWARE CONTROL 

The requirements for the control of software shall be implemented as specified in QAPjP Section 19.0. Only 

database software is anticipated to be used at this ti EG&C SOPS applicable to the use of the database 
for storing environmental data are specified in QA 
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10.0 

SOP ADDENDA (SOI’A) 

10.1 SOP ADDENDUM TO SOP NO. 2.6: DETECTION AND SAMPLING OF NON-AQUEOUS PHASE 
LIQUIDS IN MONITORING WELLS 

10.1.1 Introduction 

Wells screened across the bedrock/alluvial interface or at other zones of vertical permeability contrast have 
the greatest potential for containing dense non-aqueous phase liquids. These wells and any other wells 

where DENSE or light non-aqueous phase liquids are suspected will be checked for these contaminants 
during groundwater sampling. Samples of the non-aqueous phase ljquids will be collected if present. 

10.1.2 Determination of the Depth and Thickness of Non-Aqueous Phase Immiscible Layers 

The presence of immiscible layers will be checked for using an interface probe. Prior to use, the interface 

probe will be decontaminated following SOP General Equipment Decontamination. The interface 
probe will have differing sound tones or patte tinguish between aqueous and iinmiscihlz organic 

la) ers. As with water level measurements, the pro be sufficiently accurate to measure water levels 

to the nearest 0.01 foot. Manufacturer’s instructions and SOP No. 2.1,Water Level Measurements In Wells 
and Piezometers, will be followed to measure the depth to the bottom of the well, the depth to the non- 

aqueousiaqueous layer interface, and the top of the water column or non-aqueous layer/air 
interface. All depths will be recorded t 0.01 foot. The probe will be moved slowly up and 

down to determine the point where the tone or sound is reproducibly obtained. h4easurements 

will be considered reproducible when adings do not differ by more than kO.02 foot. The 
le readings will be used to determine the measurement level. Care will be taken 

g of the tape against the well casing. Once 
retrieved and decontaminated according to SOP 

when lowerin 
measurement lev 

If detected, non-aqueous phase liquid samples will be collected before purging activities begin. The method 
of choice for collecting immiscible layer samples is dependent on the thickness of the layer and the depth 

to the surface of the layer. When the thickness of the floating layer is less than 2 feet, a peristaltic pump 

or a bailer which fills from the top will be used. If the thickness of the phase is 2 feet or greater, samples 
will be collected with a bottom-valve bailer. Dense immiscible liquids will be collected with a bottom a 
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double-check-valve bailer before purging the well. In all cases, care will be taken to carefully lower the 
bailer into the well so that minimal agitation of the immiscible layer is achieved. 

Equipment used for collecting non-aqueous phase liquid samples will be cleaned before use. All sample 

containers will consist of bottles precleaned to EPA specifications. The following procedure will be followed 
when sampling wells with immiscible layers. 

e The bailer and bailer line will be precleaned following the procedures outlined in SOP No. 
1.3, General Equipment Decontamination. 

e Bailers and line will be wrapped in alii il for transport to the field or from one site 

to the next. 

e The bailer intake will be carefulty lowered to the midpoint of the immiscible layer and the 

bailer filled while i t  is being held at this level. 

immiscible layer slowly so that minimal agitation 

floating immiscible liqu 
peristaltic pump. If a fl 
filling bailer or peristaltic 
the double check valve bailer. 

The bailer will be lowered into the 

e immiscible layer occurs. If a layer 

collected, use a top-filling bailer or 
thick is being collected, the bottom 

a dense liquid layer is being collected, use 

e bailer or Iine he allowed to touch the ground or otherwise come in 

bjects that might introduce contaminants into the well. 

e es specified for the collection of volatile organics In SOP 

No. 2.6,Groundwater Sampling. 

10.2 SOP A TO SOP NO. 3.9: FIELD HEADSPACE ANALYSIS BY PORTABLE GC 

10.2.1 Introduction 

Samples of unweathered and weathered bedrock will be collected from boreholes for field headspace analysis 

by GC methods. The analyses will check for carbon tetrachloride (CCI,), trichloroethylene (TCE), 
tetrachloroethylene (PCE), methylene chloride, acetone, and chloroform. 
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10.2.2 Obtaining and Preparing Samples 

Immediately after the sampler is opened, a sufficient quantity of soil or bedrock will be obtained from a 

segment of core to approximately half-way fill a 250 ml. wide-mouth glass container fitted with a septum top. 

The sample will be broken up in the jar as much as possible for approximately a 30-second interval and then 
immediately capped. After capping, the sample will be inverted and then transported to the base lab within 

4 hours of sampling. Once at the base lab, the sample will be weighed and the weight of the soil or bedrock 

determined by subtracting the predetermined weight of the empty con er from the container with sample. 

The sample containers will be placed in a constant temperature cham or water bath maintained at 25" C 
for 1 hour. After 1 hour, the sample container will be turned upright and allowed to sit five minutes, and 

a syringe will be used to extract an appropriate aliquot (typically 100 111) based on expected levels of 
contamination. The gas chromatograph manufacturer's operating manual will be followed for sample 
injection and operation. 

Each day, prior to sample analysis, inject and analyze a blank and two standards. One standard mixture will 
be prepared at concentrations 2 to 3 times the minimum detection limit while concentrations in the other 

standard w i l l  be prepared at 1 to 2 times th nge expected in the sample. Prior to running the first 

field sample the system will be purged and blank values obtained. 

Phase I1 WI/N Work Plan (Bedrock) - 903 Pad, Mound, and East Trenches Areas 
Rocky Flats Plant, Golden, Colorado 
22578E/Rl.lO/Ol-24-9l/RPT 

Draft Final 
January 24, 1991 

Page 10-3 



10.0 
SOP ADDENDA (SOI’A) 

10.1 SOP ADDENDUM TO SOP NO. 2.6: DETECTION AND SAMPLING OF NON-AQUEOUS PHASE 
LIQUIDS IN MONITORING WELLS 

10.1.1 Introduction 

Wells screened across the bedrock/alluvial interface or at other zones of vertical permeability coiitrast have 
the greatest potential for containing dense non-aqueous phas iquids. These wells and any other wells 

where DENSE or light non-aqueous phase liquids are suspected will be checked for these contaminants 
during groundwater sampling. Samples of the non-aqueous phase liquids will be collected if present. 

10.1.2 Determination of the Depth and Thickness of Non-Aqtieous Phase Immiscible Layers 

The presence of immiscible layers will be checked for using an interface probe. Prior to use, the interface 
probe will be decontaminated followingS0P No. 1.3,General Equipment Decontamination. The interface 

probe will have differing sound tones or patr between aqueous and immtscihlz organic 
la).ers. As with water level measurements, the probe wilt be fficiently accurate to measure water levels 
to the nearest 0.01 foot. Manufacturer’s instructions and SOP No. 2.1,Water Level Measurements In Wells 
and Piezometers, will be followed to measure the depth to the bottom of the well, the depth to the non- 
aqueoustaqueous layer interface, -and the top of the water column or non-aqueous layeriair 
interface. All depths will be recorded st 0.01 foot. The probe will be moved slowly up and 
down to determine the point where th tone or sound is reproducibly obtained. Measurements 
will be considered reproducible when co eadings do not differ by more than kO.02 foot. The 

readings will be used to determine the measurement level. Care will be taken 
Once 

robe willbe retrieved and decontaminated according to SOP 

imize rubbing of the tape against the well casing. 

10.13 Calltktion of Non-Aqueous Phase Liquid Samples 

If detected, non-aqueous phase liquid samples will be collected before purging activities begin. The method 
of choice for collecting immiscible layer samples is dependent on the thickness of the layer and the depth 
to the surface of the layer. When the thickness of the floating layer is less than 2 feet, a peristaltic pump 
or a bailer which fills from the top will be used. If the thickness of the phase is 2 feet or greater, samples 
w i l l  be collected with a bottom-valve bailer. Dense immiscible liquids will be collected with a bottom 
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double-check-valve bailer before purging the well. In all cases, care will be taken to carefully lower the 
bailer into the well so that minimal agitation of the immiscible layer is achieved. 

Equipment used for collecting non-aqueous phase liquid samples will be cleaned before use. All sample 
containers will consist of bottles precleaned to EPA specifications. The following procedure will be followed 
when sampling wells with immiscible layers. 

e The bailer and bailer line will be precleaned following the procedures outlined in SOP No. 

1.3, General Equipment Decontamination. 

e Bailers and line will be wrapped in aluminum foil for transport to the field or from one site 

to the next. 

a The bailer intake will be carefully lowered to the midpoint of the immiscible layer and the 

bailer filled while it is being held at this level. The bailer will be lowered into the 
immiscible layer slowlyso that minimal agitatian of the immiscible layer occurs. If a layer 

floating immiscible liqui an 2 feet thick is being collected, use a top-filling bailer or 

peristaltic pump. If a fl yer greater than 2 feet thick is being collected, the bottom 
filling bailer or peristaltic is pre Pf a dense liquid layer is being collected, use 
the double check valve bailer. 

a be allowed to touch the ground or otherwise come In 

ght introduce contaminants into the well. 

e Sanrpling will fillow the procedures specified for the collection of volatile organics in SOP 

No. 2.6,Groundwater Sampling. 

10.2 SOP ADDENDUM TO SOP NO. 3.9 FIELD HEADSPACE ANALYSIS BY PORTABLE GC 
METHODS 

10.2.1 Introduction 

Samples of unweathered and weathered bedrock will be collected from boreholes for field headspace analysis 
by GC methods. The analyses will check for carbon tetrachloride (CCI,), trichloroethylene (TCE), 
tetrachloroethylene (PCE), methylene chloride, acetone, and chloroform. 
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10.2.2 Obtaining and Preparing Samples 

InmedIately after the sampler is opened, a sufficient quantity of soil or bedrock will be obtained from a 

segment of core to approximately half-way fill a 250 ml. wide-mouth glass container fitted with a septum top. 

The sample will be broken up in the j a r  as much as possible for approximately a 30-second interval and then 

immediately capped. After capping, the sample will be inverted and then transported to the base lab within 

4 hours o f  sampling. Once at the base lab, the sample willbe weighed and the weight of the soil or bedrock 

determined by subtracting the predetermined weight of the empty container from the container with sample. 

The sample containers will be placed in a constant temperature chamber or water bath maintained at 25" C 

for 1 hour. After 1 hour, the sample container willbe turned upright and allowed to sit fiveminutes, and 

a syringe will be used to extract an appropriate aliquot (typically 100 111) based on expected levels of  

contamination. The gas chromatograph manufacturer's operating manual will be followetl for sample 

injection and operation. 

Each day, prior to sample analysis, inject and analyze a blank and two standards. One standard mixture will 

be prepared at concentrations 2 to 3 times the minimum detection limit while concentrations in the other 

standard w i l l  be prepared at 1 to 2 timesth range expected ia the sample. Prior to ninning the first 

field sample the system will be purged and bte blank values obtained. 
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